Creteway opp'roaeh (o Chankha Chat Tlrit!f;e,over Uarna nt Ocnarcs 


Concrete Crete«\i} v are ilie most ewmnnt* 
mlioUiiion tin cros.s-country roatW where 
o«lv tjrm tracks e\i\i today. The> arc 
I capable of takis'f’ c\cry sort of traHic, in- 
'rhulin^ bullock-carts, and ihe\ are the 
cheapest |KWMhlc roads which can be 
constructed for the purpose. They cait 
also be «sr<l ssith prrat economy for 
taUntj the l)uUock-cart tralTic on the 
sub's of main rt>ads. thereby evtendini: 
the life ol these by very many ^ears 


Ike cccumnlaifil tx^frUncf of the Kn^uieeis of the Concrete Association 
(’/ if at the diijosn! of the resithtr ttsets of ('etnrnt Supplied hy 

Tin: Associ. i ricn vicmic^t compaxies um/ted, 
AXD SOM-: VALUcy POKTLAXD CEMEXT COE. LID, 




ROAD ARCHITECTURE 


Road Engineers in India have been quick to realise that bullocks 
are attracted by concrete surfaces owing to the lower tractive 
effort required. 



Poona-Kirkee Road. 


The design oF the road with alternate strips of concrete 
and asphalt on this section of the Bombay-Poona road (near 
Kirkce) has the effect of automatically segregating traffic. 


Tht accumulated experience of the Engineers of the Concrete Association 
of India is at the disposal of the regular users of cement supplied by 
THE ASSOCIATED CEMENT COMPARES LIMITED, AND 
SONE VALLEY PORTLAND CEMENT COMPANY LTD. 




The New Power House at Mulajore being constructed for the Calcutta 
Electric Supply Corporation Ltd. The entire foundation for this heavy 
structure and its machinery is supported on FRANKI PILING 


SOLE LICENCEES FOR INDIA AND BURMA. 

THE BRAITHWAITE, BURN & JESSOP 
CONSTRUCTION COMPANY, LTD. 

Mercantile Buildings, CALCUTTA. Tchsrams: " Beebcejay " 
iii 


The Braithwaite, Burn & Jessop 

Construction Company, Ltd. 

ENGINEERS AND CONTRACTORS 







CATERPILLAR DIESEL TRACTOR AND 
LEANING WHEEL GRADER. 


Low Fuel Costs, Efficiency and Durability. 
Demonstration to liona-Jidf purchasers gladly given. 


William Jacks & Co. 

BOMBAY - KARACHI - CALCUTTA - MADRAS. 



ROAD MAKING 
APPLIANCES 

CAST IRON 

REVERSIBLE 
BALLAST ROLLERS 
arc made in nine 
cJifTcreni siz'-' ft>r 
manual and butlocV 
draught and can be 
obscfted m use all 
o\cr India and Buctna 
\Sirg5c and double 
C^Undet Garden RoL 
Icrs arc also nianufac> 
rured } 


TAR AND ASPHALT 
BOILERS 

with graces speciait) 
designed for butmni; 
Indian coal and enm* 
piece m all respeccs 
Riieted Of welded 
bodveawhichner pre- 
ftntd Can be fitted 
Hitb “Phoeni*** 
spta>jnj: Pumii if 


•' UNIVERSAL " 
EMULSION SPRAYERS 

for applying Cold Road 
LniuR 2 on<t and similar prep* 
araOons The “ Uniieml '* 
S p r a y e r— Hand-operatfd» 
vacuum'fillmg Cjpe. Simple 
and easy to operate w«h 
unskilled labour. Nothwjg 
Co get out of order. 


BURN & Co. Ltd. 

HOWRAH 

■ .. BURM-HOWRAM” TMtphon. 1 HOWRAH «0I 

•Ad au» at 

THE MALL, LAHORE. 







AVELIKG-BARFORD 

DIESEL 

STEAM and MOTOR 
ROLLERS. 

Made in Sizes 

FROM m CWTS. TO 16 TONS. 
STOCKS HELD IN INDIA. 

AGEjVTS:— 


COITOH CO.HrA 


r'CCKun ihCNicfts f>co'<7WTots 
t. rORBES STREET 

iiOMnA!!'; 





fot (lii‘ C(»nslrncMon «in(I 
miiiiik'iianLT of ro:i(l.< 
me.in exlr.f safely for 

inolorUU looijer wear for 

heavy transport and greater 

saving of public money. 
TAR-MADE ROADS are simple 
and inexpensive to lay — stand up 
to any form of traffic — give a 
greater security from accidents 
due to skidding— and satisfy the 
motorist for luxury and comfort 
when driving. 

INDIAN ROAD TAR is a by- 
product of coal and is 100 per 

cent National. 

S{t4ilimdrlarPRHlucts(ins)LU 

HOQ0ISOH ACE UE 
6 LYONS CANCe. CALCUTTA. 





CLIVE BUILDINGS, CALCUTTA 

hone : Cal. 4090. 
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l?®r Safety 
Insist on 

A« C. C. 

The following well-known brands of 
cement manufactured by The Associ- 
ated Cement Companies Limited have 
exceeded the standard laid down 
under the British Standard Specifica- 
tion for over 22 years. 

• Swastika • Five-Rivers 

• Anchor • B. B. B. 

• Ganapati • Horse-Head 

• Nilgiri o Sun 

• Castle • Char-Minar 
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Proceedings of the Fourth Meeting of the Indian Roads 
Congress held at Hyderabad (Deccan) on January 4 to 6, 1938. 


The Fourtli Session of the Indian Roads Congress 
commenced at U-45 a.m. on January 4, 1938, at the 

Town Hali, Hyderabad (Deccan). Tlic following members 

of the Congress were present 

Madras President. 

M. R. Ry. A. Nageswara Ajyar Avcrgal, Special nnginecr. Road 
Development, Madras. 

Mr. A. \V. Nightingale, Superintending Engineer, -Bcllary Circle, Bellary. 

Mr. V. H. Sadarangani, Professor of Civil Engineering, College of 
Engineering, Guindy. 

Mr. P. G. Mathew, District Board Engineer, Nellorc, South India. 

Mr. N Durrani, District Board Engineer, Bobbili. 

Mr. B. Narasimha Shenoy, District Board Engineer, Calicut, Malabar 
District. 

M. R. Ry. A Lakshminarayana Avcrgal, District Board Engineer, Kistna 
District, MasuUpatam, 

Mr, N. P. Sundaram PiUai, District Board Engineer, Negapatam. 

Mr. T. Lokanalhan Mudaliyar, District Board Engineer, Coimbatore. 

Mr. K. S. Raghava Chary, Assistant to Special Engineer, Road Develop- 
ment, Madras. 

Mr. K. Tirumalai Swami Ayyar, District Board Engineer, Saidapet. 

Mr S. Srinivasa Raghavacharyar, District Board Engineer, Trichinopoly 

Mr B Satyanarayana, District Board Engineer, Rajahmundry. 

Mr. G 13 Sankaram, Local Fund Asst. Engineer, AmJapuram. 

Mr. S. R. Panjc, District Board Engineer, Anantapur. 

Bombay Prestdtn^'. 

Mr. R. A Fitzherbert, Superintending Engineer, Road Development, 
Bombay Presidency, Bombay. 

Mr. N. V. Modak, City Engineer’s Office, Bombay Municipality, Fort, 
Bombay. 

Mr E A. Nadir Shah, Hydraulic Engineer, Bombay Municipality. 

Mr. V. M. Sukhatankar, District Engineer, District Local Board, 
Bclgaum. 

Mr. G. D. Daftari, Executive Engineer, Poona Division, Poona. 

Mr. N. D. Wale, District Engineer, Hubli Municipal Boroiigli, 



Bengal. 

Mi. A N SupcriiUcnding Kngincer, CalciUt.T. 

Ml. J. Cl. Guln, FAeciitive niigincer, Dacca Division. Dacca 

United Pfovineet . 

Mr Mahabir I’lasad, IXecuiive Engineer, Agr.i 
Mr A. Eastinond, n\ccntivc Engincci, Naini Tal. 

Rai Sahib ratrh Cliand, Sccrctaij-Engincci, District Uo.iid, Ibjiior. 

Mr. H S. Sl»arin.\. District Ho.aid nugmecr. Meerut. 

Pmjjb. 

Ml S Ci. Stubbs, Onr. , CUuel Engineer and Secretary’ to the Govern- 
ment of the Punjab. Public Works Dep.irimeiit, Uiuldings and Roads 
Branch. Lalioro. 

Mi. R. Trc\or Jones, M C., Supn intending Engineer, Third Circle. Public 
Works Departmeni. Lahore 

Bihar. 

Mr. \\ L Murtell, Supermicnding Engineer, Chota Nagpur Circle. 
Ranchi 

Rao Sahib M. A Rangasuami. District Engineer. Darbhanga 
Central Provinces. 

Mr. C. B. Ro\, L\ecuin.c Engineer, CUhindwara. 

Mr G M Mckelvic, ENecutnc Engineer. 

Mi. K B. Dei\,isthn!a. District Engincci. District tJouncil, Vcotmal. 
.tssain. 

Mr .Ml Ahmed. Superintending Engineer, Public \Vorks Department. 
Shillong 

Ml Raj Mob.ui Nath, Wistani Liigineri, Public Works Departmeni. 
Nowgoiig. Assam. 

.Vtfft/i West Frontier Pro: irice. 

C.ipiam K. G Gialiain. R , E\ecuti\e lingiucT, Public Works Depart- 
inrnl. IVsliau-ai. 

Orma. 

.Mi.R. G. Hewitt, Supeiinicmhng Eiigiiieci, Public Works Depau- 
incut, Ofi<^.l, Cuttack 

.Mr G Ni. Briuictt, E\ecmi\e Engincci, Koiaput Division, Koraput. 

Sind. 

.Mr. II B Ikiiikb. Spcci.il Ko.id J'ngineri iti .Siud. Karachi. 

Mr. G. B. Vasil ani. Assbiam Engincci iRoadsl, Karachi Municipal 
Corporation. Karachi. 


Central Public IIorAj Dep.irlir.cnl. 

b ird.ar B.ahadur Tcja Singh Mahk, C.I.E., Superintending 
Grntr.al Public Works Department. Nriv Delhi. 


Engineer, 



Mtlilaij Engineers Services. 

Brigadier L. C. Walkci. Chief Kngmcer, Southern Coninuuid. I’oi 
Captain R. Cla>lon, RR, niigincct-in-Chiers lhanch, Aiiny H 
quarters, Simla. 

Mr. Iftikharnid-Din MuUi, AsM&tant Garrison Kngineer, Toil Will 

Calcutta. 

Goiermiieril of India. 

Mr. L. 1$ Gilbert, Consulting Engincci to the (.oveinment ot 1 
(Roadsj. 

Mi.JagdUh Prasad, Assistant to the Consulling Lngincei to 
Go\crnmcnt of India (Roads^ 

Central India A gene). 

Mi. G P. Hliandarkar, Chief Engineer, Holkai State, Indoie 
Mr. l.C (iue, Chief Engincei, Rewa State. 

Mi C. 1* Saksena, Sub-Di\isional Olltcei, Public Uoiks Dcjiartn 
Aimuppur, Rewa State. 

Hydetabaa 

i\a"ab Ahsan Vai Jung Bahadui, Chief Engineer and Sccietai 
Government, His Exalted Highness the Kizam’s Domtnions, Drai 
and Iingaiion Uepartinent, Hjderabad (Deccan ; 

Mi S>cd Arifuddm, Supenniciidtng Engmeei, H. E H the Ni^ 
P W. D. Aurangabad Circle, Hyderabad (Deccan) 

Mr. M. Abu Turab, Superintending Engineer, Medak. 

Mr Dildai Husain, .Assistant Clncl Eugmcei, H. E H the Nu 
P. NV D , Hydciabad (Dcccan) 

Ml. J. C. Hardikar, Enccuuvc Engincci, Public Woiks Dcpaiin 
Parbh.'ini (Nizam s Dominions; 

Mr. M. H. Naq\i, Executive Engmeei, Public Woiks Dcpatimc*ni, 1 
Hydciabad \Dcccau). 

Mr H. M. Suiali, OiMSiunal Liigiitcct tRoads;, Hyderabad (Dcccan; 
Ml Saldai Shared, Assislam Lugiucei, H E H the Nizam's Pi 
\Soiks Dri aiinirnt, Hydciabad (Deccan) 

J. S. N.iia'imh.am, Roads Supeivisoi, lown Iinpioiement T 
Secunderabad. 

Ml. M. .M, Katiak, I'd ^appeis Eiuc, Sccumiciabad 
Ml. MiBh.iniuiad \bdul Kajyai Khan, Duisioiial Lnguicti, H t 
thcNi/.uns l''lollc^\o^ks Dcpailincnt, Klinninnagat Distiict 
Ml Moh.amniad .XsadulLih, Assistant fc.m>meci. H E H tiit Niz 
P W. D , Ni/atiisagar 

Ml .\n\\.irull.th, Superintending Engmeei, Osiiiani.i Liiucisiu Pio 
Hydeiab.id I Deccan 

Mr Lokeiidr.1 naliadui, Executixc Engmeei, H E. H i!ie .Ni/. 
P. \V. U , Bidar 

Mr Mohammad Ibi.ihim, ExccuiiscEngmcer. H E H the .Niz.nii s Pl 
W orks Department, .\sirabad 
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Mr. Mirza Mehdi Ali, Assistant Engineer, District Water Works, 
Hanamkunda, via Kazipet, 

Mr. Abdul Hai, Assistant Engineer, H, E H. the Nizam’s P. W. D., 
Asifabad. 

Mr. Faridon S. Ghenoy, Executive Engineer, H. E. H. the Nizam’s P.W.D., 
Hyderabad (Deccan). 

Mysore. 

Mr. N. Sarabhoja, Superintening Engineer, K. E. S. Works, Irrigation 
Circle, Bangalore. 

Mr. N. Subba Rao, Superintending Engineer, Mysore Circle, Mysore. 
Mr. N. Lakshminarasimhaiya, Execuiive Engineer, Bangaloie Division, 
Bangalore. 

Mr. K. V. Sreenivasa Murti, Assistant Engineer, No. 1 Sub-Division, 
Public Works Department, Mysore. 

Mr. N. Narasimha lycnger. Assistant Engineer, No. 2 Sub-Division, 
Dodballapur, Mysore Stale. 

Gwalior. 

Rai. Bahadur S. N. Bhaduri, Chief Engineer, Public Works Department, 
Gwalior 

Travancore. 

Mr. M. S. Durraiswami, Executive Engineer, Kotlayam, (Travancore 
State). 

WesUrn India Slates Agency. 

Mr. M. R Jivarajani, State Engineer, Porbander 

Rao Bahadur K J. Gandhi, State Engineer, Junagadh State. 

Mr. U. J. Bhatt, State Engineer, Bhavnagar State. 

Punjab Stales. 

Mr. Dilbagh Singh Dhesi, State Engineer, Jind State 
Deccan States. 

Mr. W. J. Kunte, State Engineer, Jamkhandi. 

Mr. V.' P. Bcdekar, State Engineer, Miraj. 

Gujarat States Agency. 

Mr. S. G. Vaishnav, Public Works Department, Baroda Slate. 

Eastern Stales Agency. 

Mr. F. D. Wcllwood, Chief Engineer, Mayurbhanj Slate. 

Business Representatioes. 

Mr. W. A. Radice, C/o. Messrs, Braithwaite Burn and Jessop Construction 
Company Limited, Calcutta. 

Mr. G. W ilson, C/o. Messrs Braithwaite Burn and Jessop Construction 
Company Limited, Calcutta. 

Mr. H. E. Ormerod, Associated Cement Companies, Limited Bombay. 
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Mr. T. R. S. Kynnersley, Concrclc Association of India, Bombay. 

Rai Sahib Hari Chand, Concrete Association of India, New Delhi. 

Mr. W. A. GrilTuhs, Burmah Shell Oil Company, Calcutta. 

Mr. \\\ L. Campbell, Burmah Shell Oil Company, Calcutta. 

Mr. Ian, A. T. Shannon, Burmah Shell Oil Company, Madras. 

Lt.. Colonel H. C. Smith, O B.E , MG., General Sccrctar>, Indian 
Roads and Transport Development Association, Bombay. 

Mr. C. D. N. Mcarcs, Standard Vacuum Oil Company, Calcutta. 

Mr. O. C. Kutiy Krishnan, Standard Vacuum Oil Company, Madras. 

Mr. N. Das Gupta, Standard Vacuum Oil Company, Calcutta. 

Mr. I. N. Khanna, Engineer’s House, Chippiwara, Delhi. 

Colonel G. E. Sopwith, General Manager, Messrs. Siiahmar Tar Products 
(1935) Ltd., Calcutta. 

Mr. W. J. Turnbull, C/o. Messrs. The Shalimar Tar Products (1935) Ltd , 
Bombay. 

Mr. T. Campbell Grey, C/o. Messrs. The Slialimar Tar Products (1935) 
Ltd., Madras. / 

Mr. D. Nilsson, C/o. Messrs. J. C. Gammon Limned, Bombay. 

Mr. T, W, Slanicr, C/o. Messrs. Greaves Cotton Company, Bombay. 

Mr. A. G. Senapatty, Bangalore. 

Mr. D. H. Ranade, C/o. Messrs. Ranadc Brothers, Engineers and 
Contractors, 053 Budhwar Petit, Poona ti. 

Mr. A. Burns Lawson, C/o The Hindustan Construction Company, 
Bombay. 

Mr. J. P. Anderson, Dunlop House, Calcutta 

A large number of engineer oiliccis oi II. 1. II. ilie Ni/am's 
Public \Vorks Department were also present by invitation. 


Among the distinguished guests who attended the loimal optnuig ul 
the Congress were the Right Honouiablc Nawab bir Ilydcr Nawaz 
Jung Bahadur, P.C , Kt , B A., LL D , DGL, Picsidciu, H E II. the 
Nizam’s Executive Council , Nawah bir Aqcel Jung Bahadur, Honourable 
Member, Military Department , N.awab Mehdi Yai Jung Bahadur, M.A 
(Oxen.), Honourable Member, Political Department, Sir Theodore’ 
Tasker, C.I.L.) O B E., I.C S , Honourable Member, Revenue Department 
Nawab Faklir Yar Jung Bahadur, Honourable Member, Finance Depart- 
ment; and Nawab Mirza Yar Jung Bahadur, Honourable Meinber 
Judicial Dcp.irlmcnt, Hyderabad (Deccan). ’ 


Nawab Aiisan Yar Jung Bahadur (Chief Engineer and Secretary 
P. W. D., Irrigation and Drainage, Hyderabad), Chairman of the Rccci’ 
tion Committee in welcoming the delegates said : ^ 


On bAnlr or tl.e Roccp.ion Commuico, I hnvo .lie grea.e,. pleasure 
rn welcoming .lie members of the Indian Roads Congress who have al our 
invilalion conie lo Hjderabad, capilal ofihe premier slalc, lo hold Iheir 
annual session here. ’ 


With the growth of communications required for the 
Indi.-i as a whole, and Hyderab.id in particular, and the rapid 
mechanised conveyances the oonstruciion of durable roads 


welfare of 
increase in 
has become 



imperative This subject is at present a complicated and difficult problem 
<ind has been engaging the serious consideration of all the Provincial and 
Central Governments in India and the States 

Gentlemen, road construction nowadays is an expert job and not 
ol old designed and constructed and maintained by ordinary staff. 
Great progress has been made throughout the world, especially in America 
.ind England, in regard to road-making. In Germany more than 3,000 
miles ol beautiful cement concrete roads have been constructed recently. 
The experience gamed by Germany after the war has stimulated the 
growth of rapid communications in preference to railways, owing, most 
probably, to ihe quicker and more convenient means ol transport both 
during times of war and peace. Good communications are the inde.x of a 
nation’s greatness and bad roads are cursed by everybody. Considering 
the number of high officials of ihc Public Works Department and experi- 
enced road engineers congregated here, it is certain they will have great 
opportunities of pooling their experiences and benefitting by e.\change ol 
ideas on all matters relating to the construction and maintenance of 
highways and bridges, and the objects of the congress will be most suc- 
cessfully established. 

Gentlemen, it is with the greatest pleasure I request the Honourable 
Ra’a Shamraj Rajwant Bahadur to open the Proceedings of the Fourth 
Annual Session of the Indian Roads Congress. 

The Honourable Raja Shamraj Rajwant Bahadur, Membei 
H. E H the Nizam’s Executive Council, in charge of the Public ^Vo^ks 
Department, in declaring open the Fourth Session of the Indian Roads 
Congress addressed as follows : — 

Mr. Chairman and Gentlemen, 

1 feel it a great honour and privilege to have been invited to inaugu- 
rate this, the Fourth Session of the Indian Roads Congress. It gives me 
great pleasure to have this opportunity of \velcoming to the capital of 
H. E. H. the Nizam’s Dominions so representative and eminent a gather- 
ing of engineers. 

The Institution of Engineers has just concluded its session in Hydct- 
abad and I have no doubt that the deliberations that took place during 
the last week and those tliat are to commence today will contribute 
greatly to the solution of the many engineering problems that arc before 
our country. 

The road problem is a subject of engrossing interest at the present 
moment. The railway and the steamship, during the past century, have 
not only brought the peoples of the world together but created in them a 
desire and an urge for moveraent. Populations have become today far 
more mobile than they were ever before, and this mobility has, in turn, 
led to repeated and fresh contacts so conducive to the development of a 
people. In other countries, having rekativcly more extensive coast-lines 
or navigable rivers, the boat and the steamship have played no mean part 
in contributing to such contacts, appraisement and appreciation of one 
another’s culture But in our own vast sub-coniinent of three hundred 
and fifty million people our railroads and highwajs constitute the only 
means of communication between our wide-spread population. Even 
among these two, I am sure, comparative statistics, if such were collected, 
would show that the number of people travelling by the road is far gieater 
ihan those using the railway. It is because of this incre-tsing mobility 
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leading to the ushering in of a new era that I regard the road problem as 
one of intrinsic importance. 

The pan placed by roads in the economic dcselopmcnt of a country 
hardly needs to be emphasi7ed. India is predominantly an agricultural 
country and trunk roads spanning its length and brcadtii and feeder roads 
interlacing the districts and providing an outlet lor the pioducc of the 
villages itT the interior arc factors of inestimable economic value. The 
country where, I believe, somewhatsimilar conditions prevail is the United 
States of America, and, jou arc nodotiht auarc that a good portion of ilie 
States’ taxes arc spent there on the construction and upkeep of roads. I-rom 
the Hast totheWest, a distance of more than l»,O0O miles, there arc not one 
but several cement-concrete highways trasersing that great continent. 
If, or I should rather say, when, such de\clopmcnt takes place in our own 
country, these Dominions, situ.ited as they are in the 'crs centre of the 
Indian Peninsula, will become the meeting-place ol highways running from 
the North to the South and from the Eastern to tlic Western Co.ast. Bui 
in that not far distant future, no less than at present, ouing to the rapid 
development of air transport, these roads will mainly be used for the 
transport of agricultural produce. If, therefore, this our major industry 
is to contribute effectively to the supply of our primary needs, the interest 
as well as convenience of the agriculturist liimsclf must specially be borne 
in mind in formulating any new plans or programme ofRoad Construction 
in India. 

The necessity for the e.xpansion of roads in India brings in its tram a 
number of problems pertaining to finance and the technique of road cons- 
truction. Roads are not only expensive to construct but they involve a 
large recurring expenditure by way of maintenance. If, therefore, our 
limited resources are to yield the maximum benefit, it is obvious that 
thoughtful consideration will have to be bestowed on the framing of a plan 
which will not only be based on the needs of the present but will also make 
provision for those of the future. It is due to the absence of such plan- 
ning in the past that, in several parts of the country, trade and travel have 
come to adopt routes which have sprung up perhaps fortuitously in the 
counc of time but do not quite fit into the framework of modern agricul- 
lural or cammercial development The waste involved in such haphazard 
transit is enormous and lays a heavy and unnecessary burden on the State 
exchequer. 

The formulation of a policy based on careful sutvey and research is 
necessary for ascertaining the exact kind ofroads required in differeni 
regions. The volume of traffic on the outskirts of a liusy market town 
varies considerably from that to be found In sparsely populated and un- 
developed areas Between these two extremes, there is a vast range ol 
variation in local problems, each of wliich requires a different treatment 

Tor example, motor vehicles have come more into vogue m some 
places than in others In certain provinces, there is already a decrease in 
the number of carts employed for the transport of agricultural product 
owing to tlic motor traffic having taken their place In others, statistics show 
that, since agriculture even in ihc interior has changed its nature from 
serving a purely local demand to catering for an international market, the 
number of bullock carts has, owing to the absence of motor vehicles, in- 
creased considerably. Evidently, this stage of transition during vv Inch our 
roads will have to meet the demands both of bullock carls and motor traffic 
willlast for sonic time and it is necessary tliat we devote considerable 
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attention to the evolving of methods which will give us roads that will 
serve this dual purpose. 

Similarly, a good deal of emphasis must be laid on the necessity for 
the reconstruction of existing roads simultaneously with the construction 
of new ones. Roads must be planned both in alignment and outlay to 
satisfy the most advanced considerations of technique, combined with 
maximum facility and safety to the road user. The economic loss that 
results from improper highway design or construction or from the retention 
of highways unsuited to the traffic conditions of the present day is still 
another factor to be guarded against. In short, roads and their construc- 
tion and maintenance should form an integral part ofour national economy ; 
and the network of highways and feeder lines should be so planned that 
in the long run these arteries of communication come to function as indis- 
pensable parts in the body-politic. It need hardly be emphasised that 
upon the adequacy of communications depends the richness and fulness 
of our economic, cultural and national life. 

The Indian Roads Congress has, in spite of its very recent origin, 
already given impetus to the consideration of these different questions 
relating to the construction and maintenance of roads and bridges, and 
will, I am sure, play an increasingly useful part in the development of 
communications throughout India. 

Gentlemen, it is with the greatest pleasure that I declare open the 
fourth session of the Indian Roads Congress and wish you every success in 
your deliberations— (Ciieerj). 

Mr. S. G. Stubbs, o b.e., i.s e., President of the Congress, then 
delivered his presidential address. He said : 

On behal*’''*' n t j a hearty welcome 

to you, the ' • • ' hadur, and offer you 

our thanks for _ ^ Session of the Indian 

Roads Congress, I also take the opportunity of expressing our apprecia- 
tion of the hospitality that has been extended to us and the most excellent 
arrangements that have been made for our comfort and for the inspection 
of important engineering works, including niany miles of concrete roads. 


The first three meetings of the Indian Roads Congress were held at 
Delhi, Bangalore and Lucknow, and all expenses of the meetings were 
financed from the Reserve with the Government of India in the Central 
Road Fund At the last meeting held at Lucknow, the Congress passed 
a resolution urging the Government of India to recognise the Indian 
Roads Congress as the authority on all technical matters pertaining to 
roads and bridges and to finance all future meetings of the Roads Cong- 
ress from the Reserve. Though a copy of this resolution was forwarded 
to the Government of India, a complete reply has not yet been rccewed. 
The Government of India have, however, agreed to meet all expenses con- 
nected with the present meeting from the Reserve. Our future therefore, 
gentlemen, is very uncertain. Our only alternative is to draw again the 
attention of the ^Government of India to the very valuable work that is 

being done and will be done by the Congress, and to repeat our previous 
request for getting the finances for our meetings from the Reserve. 


Since the introduction of the Central Road Fund about eight years 
ago and owing to the reduction in the revenues of Provincial Governments 
and the Indian States there has been a tendency to look upon this Fund 
as the mam source of revenue for purposes of financing load constructions. 



The amount available for distribution among Provinces and States from 
thefund amounts to barely rupcesonccrorcat the present time. For a vast 
country like India this is a veiy small sum indeed. It is, therefore, essential 
that this sum should be made to go as far as possible and that the amount 
of wasteful expenditure and the icpeiiiion of costly mistakes should be 
reduced to a minimum. Ihis is of tlic utmost impoitance. The Roads 
Congress has alieady played a very large part in achieving this object 
by the pooling ol knoivJcdgc and experience which has come about as 
a result oi our meetings duiing the past three years. The results obtained 
so far are very satisfactory mde^. But tins is not suflicicnt. It is 
necessary to look ahead and to map out our progress and to work on 
preconceived lines ol action. A beginning has already been made in 
this direction in publishing the btandard Specification and Codes ol 
Practice lor Road Bridges in India. This should have the result not only 
oi raising the standard ol road bridges in India, but it should also reduce 
the cost ol construction. Apart from this, the design ol road bridges will 
be simplified, and a good deal of time will thus be saved. This is all to 
the good, and the Budges Sub-Committee who are responsible for the 
publication ol this valuable book arc to be heartily congratulated. 

The next important step is to publish a similar booklet on roads. 
Conditions vary to such an enormous extent m India that the compila- 
tion of such a book will present very great dilBcuhies. I think it is 
generally agreed that a code ol practice on loads is very desirable indeed. 
How we shall tackle it has not been decided. I'he Technical Sub* 
Committee ol the Congress have discussed this matter at their previous 
meetings and they have tentatively decided that the best way of dealing 
with this question is to find out what particular subjects are to be 
included in the Code of Practice and call upon members of the Roads 
Congress who are experts in the particular lines to write papers for 
discussion at the Congress. After discussion in the Congress, the 
Technical bub-Commuic will prepare a draft of the subjects discussed 
for incorporation in the Code ol Practice. It will take many years before 
the booklet is completed In fact, it is probable that the book will never 
be Completed as new subjects will be ciopping up every year. However, 
a beginning would be made on some of the most important subjects, so 
far as our immediate needs are concerned. 

Two of the most important subjects to be dealt with are the specifi- 
cations for waterbound macadam roads and surface painting, which 
arc very extensively used throughout India for road construction, 
and maintenance. In this connection, it may be mentioned that the life 
of surface painting is determined to a very large extent in relation to the 
quality of aggregates which are used. 

In Older to establish the relative merits of various aggregates used in 
various parts of India, a test track is under construction at the Govern- 
ment Test House at Alipore, Calcutta, where a suflicent number of tests 
have been carried out and the results will be published. This should be 
of invaluable assistance to road engineers throughout India 

The next important subject is earth roads. Owing to (he vast 
mileages of roads of •I--'- i-v.. i:.- . 

this IS a colossal a ’ "" ■■“..'i' 

such great importan.: : ' ' . " ■ ti'' ’’ 

deal more attention on the subject than we have done in the past. The 

problem is mainly one of soil and the behaviour of soils under varying 




Wednesday, January 5, 1938. 

Papers A (I) and (II) 

Mr. S. G. Stubbs, (President) : During the discussion on the first 
group of Papers Mr. \V. A. Radice has kindly consented to take the Chair. 
I have great pleasure in calling upon him to do so. 

Mr. \V. A. Radice (Chairman) s Mr President and Gentlemen, 
in inviting Mr Wilson to Tntroduce his two papers, I would like 
to inform the Congress that when I was preparing the draft of the 
Standard Specification and Codes of Practice for Road Bridges in India, 
which the Congress adopted last year and caused to be printed, I sub- 
mitted my draft to the scrutiny and criticism of Mr Wilson and 
another young brilliant engineer. These gentlemen went over my draft 
word for word, made several valuable suggestions, recommended certain 
omissions and in many cases took pains that the text was in entire con- 
sonance with the latest ideas and practice. I was able to accept all their 
suggestions especially I felt that the specification was intended for the 
guidance of the younger members of our pro.ession and that therefore 
the views of younger engineers of established competence should prevail. 
I think that the members of the Congress will approve of my action in 
acquainting them with the debt of gratitude we nil owe to Mr. Wilson 
for his valuable help 

The following two papers were then taken as read — 




PAPER No. (A) (I). 


A METHOD OF CALCULATING THE STABILITY 
OF BRACED PILE PIERS. 

BY 

Gutiilac Wilson, B.Sc. fEsc.), Assoc.M.Inst.C E., Assoc.M.Am Soc , C.E. 


Introductory. — In 1920 the author was concerned in the design of a 
number of bridges, the piers of which consisted of two or four screw 
Cylinders braced together above the water-line, AVhen considering the 
question of the resistance of the piers to overturning forces, the customary 
method, neglecting lateral earth pressures, gave obviously absurd results. 
It was then, following up a suggestion to consider the behaviour of a stick 
thrust into sand and acted on by lateral forces, that the author developed 
the following theory, and he has since then amplified it and prepared 
■graphs for the easy solution of problems. 

This paper sets forth the theory for braced and unbraced piles acted 
On by concentrated lateral forces, and for braced piles acted on by a dis- 
tributed force, such as that due to a current of water ; the graphs for the 
solution of problems arc presented; the solution of problems is discussed, 
and a worked example is given. 

Basis of Theory.— It is assumed that the overturning force is resisted 
largely by the lateral earth pressure, entirely so in the case of an unbraced 
pile. It is then assumed that the earth near the surface gives way to a 
depth X such that the earth pressure up to this depth on the pile balances 
the overturning force. We then have a couple composed of two forces T 

(the overturning force) with an arm of Aj + ^where is the height 

above ground-level at which the overturning force acts. The earth 
pressure on the pile below the depth x must be distributed in such a way 
as to constitute a balancing couple. 

It is also assumed that the earth rcsbtance on the piles or cylinder 
increases directly as the depth below the surface, as in Rankine’s theory of 
earth pressures. 

In the simplest case, a sheet pile wall of considerable length, driven 
into a flat piece of ground and subjected to a uniform transverse horizontal 
force per foot run, the maximum earth resistance per foot run per foot of 
depth would be • 

„ ( 1+Sin0 _ l-Jfaji j 
(1— ji«ji J 

where u' = lhc weight of a cubic foot of the soil, 
and j5= the angle of repose of the soil, 
i.e., the dlfierencc between the passive and active pressures on the two 
sides of the wall. 
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In the case of piles or cylinders of moderate dimensions spaced at 
normal distances apart, the shearing or arching resistance of .the soil 
cannot be neglected and the maximum earth resistance per foot of depth is 
greater than : 


dy.w 


l+sin^ _ l^sin^ j 
1— l+jfn0) 


especially in the case of sandy or gravelly soils : here d is the diameter 
of the pile. The above expression could only represent the maximum 
earth resistance per foot of pile or cylinder per foot depth if the earth in 
front of and behind the pile were confined between parallel frictionless 
vertical planes the distance between which was equal to the diameter of 
the pile : this is manifestly not the case. 

The evaluation of the actual earth resistance is a matter of some diffi- 
culty and it is the author’s practice to compare the actual maximum load on 
the earth per foot of pile per foot depth, hereafter to be referred to as 

with wd ( factor of safety as the latter divided by 

the former. 


CASE I.—SINGLE UNBRACED PILE. 


Referring to Figure 1, let 

T 



T e= Overturning force. 
hi = Length of pile in ground. 

Aj = Pleight of line of action of 
overturning force above 
ground 

d = Diameter of pile. 
w = Weight of earth per cubic 
foot. 

<f, = Angle of repose. 

A' = The maximum earth resistance 
per foot run of pile per foot 
of depth. 

It is assumed that the earth 
near the surface gives way until a 
resistance equal to T is set up. 
This force is represented by the A 
ABC, The earth pressure on the 
pile IS assumed to be a maximum 
at this depth x {—AC), and then 
to diminish and finally undergo a 
reversal of sign, resulting in two 
equal and opposite forces P, which 
are represented by As BCD and 
DEP, These two forces P, to- 
gether with the Uvo forces 7”, 
maintain the pile in equilibrium. 

Wciwve ABC=i ICx.x=~ 



(1) and to balance moments 


"“Vi-” 

Px|(*,-x)=t(*,+ -^) (2) 

BmP=I^BCD = 1\ DEF 

= -^ A'a;{Aj— ar) X " = 


Substituting in i'2) 


Hence, (/ij-xj' = 3v(^A.+ ) p) 

uhich may be solved for *. Having found x, K=2T-^x- 

It is recommended that this should give a factor of safely of not less 
than 20 compared with alternatively, assuming asafe value 

for h, s\*e can solve for hy 

Bending Moments.— B y inspection, the masimum bending moment 
in the pile is 

Mmix=T(^h.+ (.1) 


CASE II.— TWO PILES RIGIDLY BRACED TOGETHER 
RESISTING A CONCCNTR.ATED HORIZONTAL LOAD. 



FteVRE 2 


A comparison of the action of (a), two unbraced piles, and {b), a pair of 
piles rigidly braced together. 


© © 
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Let III — Height from top of pier to lowest place of bracing. 

h, =Unbraced length (due to scour, etc.) from bottom ofbracings to 
ground level. 

hi =Depth into ground below maximum scour. 
e =Distance c/c piles in direction of tangential force T. 
d = Diameter of piles. 

T =Total transverse force on two piles. 

\y =Total vertical load on two piles. 

V = Increase of load on leeward and decrease of load on windward 
pile due to the fixing moment. 

M =Free bending moment at any point, e.g., ilL^free bending 
moment at plane (2) 
ft = Fixing moment at any point. 

M' =resultant bending moment at any point. 

It is assumed that the piles are imbedded so far into firm material 
that the piles are held vertical there, and that the piles in the braced 
portion of the pier also remain vertical. 

The restraint exerted by the bracings on the piles at plane (2) must 
introduce a fixing moment into them. This moment is assumed to be 
constant in each pile from plane (2) down to the depth v below ground 
level: and, being balanced by a lessening (of amount Q,) in each of the 
balancing forces P, tlien decreases to zero at the bottom of the pile. The 
fixing moments m in the piles at plane (2) produce a couple equal to 2/i2 
acting on the braced portion of the pier. This must be balanced by an 
increase of vertical load on the leeward and decrease of loading on the 

windward piles in addition to the normal one of 7 — . This increase is 
equal to V. ^ 

where V = (5) 

There >vill be secondary stresses in the pier owing to the resultant 
bending moment at plane (2) svliich can be evaluated if the dimensions 
of the members of the pier and the value of are known : these 
stresses do not affect the present argument. Now refer to figure 3 
and consider the moments and forces causing the flexure of one pile. 








riCV’KC 3. 

(a) Shows the braced portion anti forces acting on it separately. 

{b) Shous the forces acting on one pile. 

(0 Is the bending moment diagram for one pile. 

A'o/r. — Tlic fixing moments above plane (2) have been omitted ns 
these are secondary stresses and depend on the form and dimensions of the 
structure. 
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Consider the equilibrium of one pile : 
■J = A -i-AV 

.-.-vi: " 


Let -Tj-ssAre.i BCDE=Arca EFGH. 

-%=Ara DCE=Atc:y EFG 

4-(P-Q,) = Are.-iRCE=Arca £G// (7) 

und,,, = = (8) 

By Moments. 

-1^) 

= (») 

As the change in inclination from plane (4) to plane (2) is zero, the 
area of the bending moment diagram bet^s•c€n these levels, divided by 
E. /. must also be zero. 

It^siU be sufficiently accurate to approximate by considering the 
bending moment diagram resulting from the resultant pressures acting at 
their cemics of pressure. The correct form of the diagram has been 
sketched in Figure 3 (C) and it wUl be seen that the difference in area is 
likely to be small. 


i.f. I A. + -i +i (/.,+») + 4 ■ (*i-A) j 

= 1/ +4)1 i(‘A+') +1 ■ I 

+il4(‘^+m+4)!] 

+(-^+f)(A.+ f-)l = 0 (10) 

rl OA^4)(4+4+i) ) 


,, + 4+4 


*rom (7), ^(/»_(>)= --Ax (Aj-jr) 

p-a=i. Kx^^,-x) 
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Substituting for P and Q,froro (8) and (9} 


1 1/' i O'* ^ ) 

r M a.+ K'''+-') ) 


from (G), T=AV (12J 


Hence - 


*!+40‘i+' ) 


and putting-^ =5 

jy_l+^(3 + 3|^)j(lo|j.+6+5,.) 

= '=-|f(‘+-|-)^+‘'’('+lffV+''>T ('*> 

Bending Moments. — ^T lic maximum bending moment is, by inspcc« 
lion, either 



ON ONE PILE 



Figure 4 


Referring to Figure 4, it will be seen that as the slope at plane (2) 
slope at plane (4) *= zero, total area of bending moment diagram 
zero. 


Z'i _Li ii 

8 ■ d (/i,+*;) ■^^•3 




+ "'"^(T+f)i 
2(A,+y I 

2 (*,+Ai) 

( 2 (;,,+*,) + 2(A, + /g ) 


Wh? 

4 (*,+y 


= ,.4 i 


.(15) 
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Consider moments on one pile, taking moments about plane (2) 

S K =0 •••(lO) 

'>'■1 m = •§ ( Aj - a :) 

. (. 0 , 

Substituting (IG) in (18) 

0 = P-^(h,-:,) =P--^ ( 21 ) 

From (17) and (21) 

M=-y' {*i-.’c)= j ^ j (*)“'> 

= -57 '*>-*)' 

From (20) and (22) 



From (16j and (23) 

+ j l(*i+i)+i (*!-») j j ^ ^»(-g +~s- ) j j 

Hence 

SV*=(A,+/'r) I OV*+Clij»=+7-01<j*/+12AJj»+3V*+SAjjd-SV j 
Putting = ^ 

Ki: y*:^r’’+K= *f + I “ (ty^^ i 

-8^2 t+1 ^ (24) 


STAniLiT\’. — Graphical solutions of equations (3), (14) and (24) 
giving the value of for various cases, are given on Plates 

Nos. 1 and 3. 


Bending Moments. — Plate No. 2 gU-es the position of the point of 
contrari-flexure for various values of ^ and ^in the case of braced pien 
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Extra load = (wind on span and live load) x — + (longitudinal 

r ^ ^ 

force) X j 

2 Th, 

(c) Extra load due to owrlurning action on pier =- v 

The safe hearing pressure on the screw* should not he exceeded when 
it is loaded with when the total load due to direct and overturning 

forces is considered, relief due to skin friction on the pile should be 
allowed. 

Discretion should be used in selecting combinations of loads. ^Vhen 
considering live load plus dead load plus masimimi wind, current, and 
longitudinal force, an excess of 25 per cent over normal working stresses 
should be allowed. This mavimum combination of stresses need only be 
considered in the case of city bridges subjected to heavy traffic, svheie 
peak loads occur at regular intervals more or less independent of the 
weather ; in the case ot district bridges it is sufficient to consider dead 
load, with or without live load, and either maximum wind, current, or 
longitudinal force, whichever gi\cs the worst condition ; the pier should be 
capable of withstanding this combination of loading at normal working 
stresses. 

Worked Example.— Let us consider a bridge pier carrying 230 tons 
total load, ISO tons dead load plus 100 tons live load, standing 25 feet 
above normal low water level in a sandy riverbed subject to 10 feet of 
scour below low water level or 20 feet below high water le\ cl. Let the 
maximum wind load on span be 20 tons in the unloaded condition or 12 
tons in the loaded condition and let the maximum longitudinal force be 
10 tons. The distance between centres of girders may be taken ns 
20 feet. 

We will design a pier consisting of two 3 feet G inches diameter screw 
cylinders to satisfy these conditions for a district bridge. 




riGine e. 



12(a) 


PAPER (A) (I). 


Assume the layout to be as sketched in Figure 6, screw cylinders 3 feet 
6 inches in diameter, consisting of reinforced concrete columns in a thin 
steel casing, having been selected for practical reasons. 

The first step is to select the depth of penetration hy This, as we are 
dealing with a district bridge, depends on the maximum horizontal force : 
if a combination of horizontal forces had to be considered it would depend 
on the vectorial sum of these. 

The maximum horizontal force is that due to the wind on the 
unloaded span, 20 tons, unless this is exceeded by that due to the current. 
The force due to the current may be estimated by the formula given in 
IVaddell’s Bridge Engineering : — 

P = KA F- 

where P = the force in pounds on the pier 

A = the exposed area in square feet 
V = the current velocity in feet per second 
and K ^ ^ constant = 0 62 for circular piers or 1*24 for 

square piers. 

In our case 4 = 2 x 3'5 x 20 = 140 and we will assume that 

10 ;ir= 0-62, 

A P = 0 63 X 140 X 100 = 8, 680 pounds 
c= 4 tons, say. 

We therefore proceed as follows : — 

w for sand = 112 pounds per cubic foot = 0’05 ton 
for sand = 30’ 

= 0 05 X 3-6 X 3 = 0’525 

V 1 — sm p/ 

Assume a penetration of 35 feet. 

Consider first the wind on the unloaded span and refer to Plate No. 1. 
We have h^ — — 10 35 = 0 286. Enter the diagram on the bottom 

margin at -4- /Jj = 0*280 and run vertically to the upper curve (braced 
pier), then run horizontally to the left-hand margin, where it is found that 


Therefore x=0‘483x35=:16’90 feet 
^ T 20 


n-r.gx 

The factor of safety^ =*^*50 


Toob*''"** ’ • •• • -g pjjg^ refer to Plate 

No. 2 : cn " G, run vertically to the 

curve and • where it is found that 

bending moment per pile = '^(10-f0T42x35) 


= l0x 14*07= 149‘7 foot-tons 

The maximum vertical load imposed on the pile by the wind 
= (•20 X 11 20) + (20 X 25-20)-l.(2 X 140*7^20) 

= ll-l-25+14*07=50*97 tons. 
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This, of course, is to be added to the load on the pile due to the dead 
load from the span and the ucisht of the pier. 

Tlic clTccls of tlie wind on the loaded span arc twelve-twentieths of 
those for the unloaded span. 

Secondly, check the pier for longitudinal force. The longitudinal 
force is 10 tons per pier, or 5 tons per pile. Refer to Plate No. 1 and 
enter at the bottom margin with = 3 j — 3.^= I'OO lun vertically to 
the lower cur\'c (unbraced pile) and across to the left-hand margin, 
where it is found that A:=0'103xAi. 



Factor of safety=0 52.1/0‘220=2*39 

Maximum bending moment =5(Aj-f Jar) =5/'35+ 4*5) =5 x 3‘J.6 = 19T’6 
foot-tons. 

Finally cheek the pier for the effects of the current • refer to Plate 
No 3 and note particubily that here A, is die depth from water level to tiie 
bottom of the bracings: A^sslO and A,-t-A 2 = 20 , therefore A,-r-(A.-l-A 2 ) 
= 10-r 20=0 ."S ; Aj-rAj= 10-35e:0 28C: enter the lower margin at A,— A, 
=0 280, run vertically to halfway between the curves for - {h^+hJ)=0 4 
and 0 G, then run horizontally to the left hand border, where it is found 
that*=0 483A3 

=0-485x35=17 feet 

= = 001-1 
17- 

It is therefore seen that, in this example, the most serious condition is 
dead load plus live load plus longitudinal force, and the pier should be 
designed accordingly. 


Conclusion.— It Is believed that the above is a simple and ])ractical 
method for the design of braced pile or cylinder piers, which, if carefully 
applied, will result in a stable structure. 

It is realized that it is by no means an “exact” method ; the problcin 
is really a statically indeterminate one in which the elasticities of the pile 
and the surrounding soil play an important part. 

The autlior has been working on a more exact theory, which he has 
not yet been able to produce in a form suitable for practic.d npplic.ation, 
but which indicates that the distribution of earth pressure on the pile or 
cylinder assumed in the present approximate theory is not grossly 
erroneous. 

Some dozens of bridges on screw pile and screw cylinder foundations 
have been dcsiimcd using the methods recommended herein, during the 
past ten years, and, so far, none of these structures have given any indica- 
tion that these methods do not supply a reliable and practical solution of 
the problem. 

The reader is further referred to Mr. M. A. Drueker s paprr, piihlijliril 
independently, alter the above method of eentpiilaltot, was et oh eti itt 
Ctvil Engineering" and reprtnted in “The Ittdtnn Cotterelejottrttt, " f„r 
May 1935 This paper deals wtlh the stmthtr prohlen, of the st.ahilMy ol 
telemph poles, ahehor piles and sheet piles emhedded in the ground nhd 
the Uni of argument is similar to me one evohed here.,,. 
















015 





1*APKR No. (A) (II) 

Tin: DHAKURIA LAKi: BRIDGE 


nv 

Gutjilac Wilson, B Sc (Eno.), Assoc.M.Inst.C.E,, 
Assoc.M Am Soc C.E. 


HfSTORtCAL— Tlic Dhnkuria Lakes, which lie to the south of Calcutta, 
arc a series of artificial lakes in .a new park area created by the Calcutia 
Improvement Trust in recent >ears. 

Tlic neighbouring area has \cr>’ quickly become a popular residential 
district and “ The Lakes*’ themselves are crowded in the cool of the 
morning and evening by all classes, who flock there for recuperation 
and recreation. TIic only organized sport is rowing. There are four 
rowing clubs which have club liouscs on the banks of the lakes and 
frequent regattas arc held. 

Until 1035 the developed part of “The Lakes*’ was the area lying 
between the line of Lansdowne Road, on the west and Ganahat Road, on 
the east. About that time the final development of the area extending 
from west of the Lansdowne Road line nearly to Russa Road south was 
begun. 


Here the excavation for a westerly extension of the main Jake was, 
and is at the time of writing, nearly complete, but divided into sections by 
a series of bunds and was cut off from the mam lake by an isthmus some 
fifty yards wide, which earned a road. 

It was desired that, on completion of the extension of the lake, there 
should be a bridge at this point of sufficient span to allow two rowing 
“eights” to pass beneath it simultaneously in safely. 

After various designs had been considered, Mr. M. R: 

M Inst.C E , the Chief Engineer of the Calcutta Improvement Trust, 
invited the Braiihw-aite Burn and Jessop 

forward a design, the mam requirements of which were that^ it should be 
artistic ; should have a span of eighty feet, , -s.. .1 1^ -nr. r.;* r ix . a._ . 

water level for the central forty leet ; and • is ^ 

kept as low as possible, as long and high appio-*— . s . 1. • 

undesirable. 

DESION-Thcdcig.! was governed by .he folto.ng rcquirenrenlr, .n 

addition to those given m the previous paragrap . _ 

... r- 'j. -1 :t.mch asphalt surface. Two foot* 

Roadway: 18 feet wi . -j. a l*inch asphalt surface, 

paths to be provided, each 0 feet wide, wun a i i 

^ . e. .y,ttf>r nlus 25 per Cent impact on the main 

Loading; A l..-ton st ^ of 10 b pounds per square foot on the 

roadway together with a crowd loaa 01 1 1 i 

unoccupied area. _ , . ^ 

8 1 pounds per square foot on the foo pa 1 . 

r. } . .i\ rirvofTn in liand, two wash borings were made at the 

^ Before putting ^ | abutment, the results of these arc shown 

Site ol the bridge, on® ^ tliat the soil consists of silts and cla\-s to 

on Figure 1 . It k>c . „hich depth coarse >elIo\v sand is met. 

a depth of about 4- leet, u 
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Such strata can carry heavy vertical loads by means of bearing piles 
driven to the sand, but arc ill adapted to carrying horizontal thrusts 
amounting to more than a very small percentage of the vertical load. 

Under these circumstances the most suitable type of structure 
appeared to be a cantilever arch : that is a single span cantilever with 
two anchor arms and two cantilever aims, but no suspended span : the 
ei\ds of the cantilever aims have a horizontal gap, about an inch wide, 
between them, so that relative^horizontal movement is possible ; relative 
vertical movement is prevented by shear locks. 

The foundations consist of five abutment piles and three anchor piles 
on each side, driven 72 feet to the coarse sand layer. 

. The general arrangement and cross sections of the bridge arc shown 
in Figure 2. 

The bridge consists of five inverted T-beam ribs at b feet centres 
The anchor arm measures 25 feel from the centre line of the anchorage 
piles to that ol the abutment piles, and the cantilever arm measures 4l feet 
liom the centre line of the abutment piles to the centre of the bridge. 

The tables of the T-beams unite to form a continuous soffit to the 
“ arch ” in the cantilever arms of the bridge, and to form the floor of a 
box, which is filled with earth to form a counterweight, in the anchor 
arms. This counterweight provides only part of the anchorage, the 
balance of which is provided by tension in the anchor piles. 

The stems of the T-beams increase in depth and width and the table 
increases in thickness as the abutment is approached from cither the 
centre of the bridge or the anchorage. 

The overall depth is different for the central, intermediate, and 
outer ribs. The centre rib is inches deeper than the intermediate 
ribs, as additional covering concrete is added to provide the necessary 
camber in the roadway. The outer ribs are deeper than the others, as 
they extend into the kerb ; this is appropriate as they have to resist a slightly 
greater bending moment than the others. 

The minimum overall depth of the intermediate ribs is 1 foot 8 inches 
at the centre of the bridge, and therr maximum depth is 7 feet at the 
abutments, after which they again decrease to 3 feet 2 inches at the 
anchorage. The stem width increases from G inches at the centre of the 
bridge to 20 inches at the abutment and decreases to 8 inches at the 
anchorage, the thickness of the table varies from 3^ inches to 0 inches 
in the cantilever arms and from 0 inches to C inches in the anchor arms. 

The main tensile reinforcement at the top of the T-beam increases 
from 4 rods l|*inch diameter at the end of the cantilever arm, to 17 
similar rods at the abutment and again decreases to G at the anchorage. 
Tensile reinforcement is also provided at the bottom of the 18 feet nearest 
the end of each cantilever arm lo provide for the leverse bending caused 
by ihc support aliorded to the end of one cantilever arm by the other, 
il less heavily loaded, through the shear locks. The shear locks consist of 
2-iucU diameter steel bars, 18 inches long, sliding in two cast steel pipes 
of 2-inch internal diameter, one embedded in the concrete on each side. 
Two such locks arc provided lor each rib. 

In the cantilever portion of the bridge the roadway is carried on a 
b-incli thick slab cast integrally with the tops of the main ribs and supported 
by them and by cross girders at D-foot centres. The road surf.rcc consists 
of 2 inches thick asphalt blocks. 



PAPHR No. (A) ^II) 




In the anchor arms the toadivay U carried on the fill in the counter- 
weight box. A “dirt wall*’ over the abutment beam prc\cnts the filling 
from extending into the cantilever arm. 

The footpaths in the main span arc carried on cantilever extensions 
of the main roadway cross girders. In the anchor arms the counterweight 
box has been made wide enough to carr>’ the footpaths also on the fill. 

The bridge is supported at each abutment by fi\c “ Franki ’’ piles, 
one tmder each rib. Tlic piles arc driven to the coarse sand at T1 feet 
below ground le\ el and carry a maximum load of 12.") tons, they are 
reinforced with eight l-inch diameter b.ars and a spiral of ^-incli rod of 
6-inch pitch. A 4.Vinch deep b) 2Uinch wide beam doubly reinforced is 
provided to equalire the loading on the piles. 

Three Franki piles, driven to die same depth, are provided at 
each anchorage. These piles have to resist an uplift varying from zero to 
^5 tons: they are each reinforced with six 1-inch diameter bars and a 
spiral similar to that tn the abutment piles Tlicse piles arc situated 
under the central and outer ribs , the load from (he intermediate ribs is 
carried to the piles by a doubly reinforced beam 1 1 inches wide by 68 
inches deep. 

The actual design work was exceedingly simple, the only point 
calling for comment is the estimation ol the load passing across the sheai 
lock this was determined by the formula usually adopted for the same 
purpose m the design of double-leaf bascule bridges. 

The design stresses were 050 pounds per square inch compression in 
the concrete and 10,000 pounds per square inch tension in the steel. 

Construction of Foundations. — Tenders for the driving of the 
Franki piles for the foundation were invited in October 1935, and a 
contract for this work w.is placed with Messrs. The Braithwaite Burn & 
Jessop Construction Co , Ltd., on the 24th of the same month. 

The pile driving machine was immediately taken to site and erected, 
and the first pile was driven on the 4th November, 19.'55. The driving of 
the whole of the sixteen piles was completed by the 25th November, at 
the rate of one per working day. 

Figure 3 is a photograph showing the work in progress and Figure 
4 shows one of the reinforcing cages. The spiral reinforcement is welded 
to the main reinforcement at each place where they cross one another. 

Construction or Superstructure. — Tenders for the superstructure 
were invited in 193G and the order for this part of the work was placed 
with Messrs. Associated Engineers Ltd. 

Construction which was actu.TlIy commeneed in August, 1930 and 
finished in February’, 1937, was facilitated by the fact that the bridge was 
constructetl on dry land and the waterway excavated afterwards. 

The concrete was cast in six singes as follows : — 

1 : — The foundations of the wing walls and tlie abutment be.am. 

Stag,e ^\ — ^The middle section of ilic wing walls, the anchor arm 
solTit sl.ab and cross girders, and the lower pcriion of the anchor arm ribs. 

Sta^e 3: — Tliecantiirver soflil slab and the bottom of tliec.mti!e\er ribs. 
4 :—T1ie middle ponion of the cantilever ribs and llie comple- 
tion of the anchor arm ribs. 
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Sla^' o : — Tlif' top portion of the cantiJcver arm ribs toeether with 
all cro^s cirdcrs and the main roadway slab. 

Steqj’ 0 ; — ^I'oC'ipath slabs, railings, wing walls and parapets. 

and pine wood planfcs, planed, treated s\ith turpentine and 
whitins and with joints made with strips of tarred felt, w’crc used for the 
formwork throughout : beams and props w'cre made of scl and jharool 
timber. 

The centering for the cantiJcs'cr arm soflit slab is shown in Figure 5. 
This con'iistcd of transverse rows of sal buUah props, cros? bract^ and 
resting on continuous lines of railwas sleepers which rested on prepared 
ground : each rov. w as placed cxactK under a cross girder and carried a 
transverse beam which supported longitudinal beams, the le^'cl of which 
was adjustable b\ means of wcelges : planks, the upper surface of %\hich 
conformed to the curs aturc of the slab, were laid across the longitudinal 
beams As the bridec is a cantiles’cr, the ccntcringssas struck by releasing 
the wcdgo 5 w'orking from the centre line tosvards the abutments. 

.\n inccnious expedient svas adopted ss-hen casting the ends of the 
cantilevers, as the spare between them is only 11 inches wide by 1 foot 
f inches deep and 21 feet Ion" it would have been vcr> difficult to 
extract timber shuttering. One cantilcs'er was therefore first completed 
and the end formwork rcmos'cd. plaster %*.as then prepared from mud, 
cow dune, lime and jute fibres and a coat of this, ll inches thick, was 
applied to the end of the finished cantilever and smeared on its free 
surface with oil. The end of the other cantilex’cr was ca't against this 
and it ssas later easily removed by the use of an iron rod. 

The centering for the hollow chambers inside the cantilever arm 
was removed through man holes left in the dirt wall over the abutment 
beam : there s\as, however, no .occcss to the spaces bchvccn the end tsvo 
pairs of cross girders and the shuttering for these spaces was left in place. 

The concrete, which was required b>' the specification to have a 
compressixe strength of 3, 2.>0 pounds per square inch at CS days, ssas 
cencrally of 1 : 2 : *1 mixture and some specimens, tested at the .\liporc 
Tc*t House, had strengths as high as C,200 pounds per square inch. 

Figure r. shows the work at approximately Stage 2 and Figures 7 and S 
sh-''''S the completed bridge. 

OiA'-vrnrs avd Costs 

slfichne — IfiFt.-.nki pil/'sT2 feet long ten reinforced 
svith richt l-inch diameter bars 
and rix reinforced with six Tinch 
dir-meter b.ars ... ... Rs. 0,240 

S!ul‘''Ts}fu'tur.’ — Concrete — 7,^00 cubic foci 

Reinforcing bars — 20 tons hundred- 

sveights 

B. R. C Fabric Xos 12 .md 14— .'1,743 
square foct. 

Sjeclwnik in shear lock, exp.^nsion 

plates, etc , — 1“ hundredweights ... Rs. 24,300 

Tot.nl... Rs. .3.3,740 

^70 ruViir ffet of planks w/ re used for th”* formwork and l,<'i70 cubic 
Jert of timl'er xvere ii'efl for props and beams. 
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The cost per square foot of the elevation area comprised by the road- 
level and the bottom of the foundations is Rs. 3'21. 

This t^^pe of bridge is essentially a single span structure and therefore 
no attempt has been made to determine the ratio of the cost of the sub- 
structure to that of those parts of the superstructure which vary with the 
span. 

Conclusion. The Author is indebted to Mr. J. A. Stewart, M.Inst. 
G.E., Chief Engineer to the Calcutta Improvcnt Trust, for permission to 
present this paper. 

The bridge was designed by the writer in his capacity of Structural 
Engineer in The Braithwaite Burn & Jessop Construction Co., Ltd. and 
the design was checked by the Consulting Engineer to the Calcutta 
Improvement Trust, Mr. D. H. Rcmfry, M.Inst. C.E., to whom are due 
the idea of raising the level of the reinlorcement in the exterior ribs and 
the very neat shear lock detail. 

The Author’s thanks arc also due to Mr. S. K. Roy, B.E., C E., 
Managing Director of Messrs. Associated Engineers, Ltd. for having 
supplied particulars of the erection of the superstructure. 
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BORING AT RIGHT ABUTMENT 


DETAIL OF BORINGS -THE DAKURIA LAKE BRIDGE 
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Discussions on Papers Nos. A (I) and A (II). 


Mr. Guthlac Wilson (Author) : I have great pleasure in submitting 
for discussion my two papers on “A Method of Calculating the Stability 
of Braced Pile Piers and “The Dhakuria Lake Bridge ’’ 

The subject of the first paper has been a hobby of mine for a long 
time and I hope that the paper may be of use to other engineers. 

I have some photographs of the bridge described m the second 
per, which may be of interest and these I will pass round for your 
ipcction (The photograph will be found on page ‘24 a). 

Mr. W. A. Radice (Chairman): Will Tticmbcrs kindly ojien the 
scussion on the papers presented by Mr. Wilson. 

Nawab Ahsan Yar Jung Bahadur (Hyderabad-Deccan) : As we 
nerally understand that hard clay is good for foundations for piles 
do not see any reason why we should go down through such cla^ 
yellow sand to a depth of about 70 feet for pile foundations. 

Rao Sahib M. A. Raogaswamy (Bibar) : In Bihar 1 had occasion 

construct a screw pile bridge across a rivci and then 1 noticed that 
though we had estimated a certain depth of penetration the screw pile 
luld not go to that depth which we had c.xpccicd to be able to reach 
\ this paper the author has worked out a theory to work out the deptli 
'penetration but I find that this will not always hold good in practice, 
ecause if we find that the subsoil strata is not the same as wc ex* 
:cted it to be as a result of the test borings the screw cannot go down 
nd the pile will show a tendency to twist. So this theory advanced in 
le paper may not liold good in all cases. 

Mr. W. A. Radice (Cbalrmao) : Will Mr. Wilson reply to these 
oinls. 

Mr. Gulhlac Wilson (Author) : With regard to the question put 
y Nawab Absan Yar Jung Bahadur, the piles were 'carried down to the 
ind as wc find it is always better to found on an incompressible material, 
jch as sand, if such a stratum can be reached by Ihc pile, than on clay, 
Inch 15 compressible. 

With regard to the second question it appears to me that the first 
sscniial, before commencing the design of a bridge, is to make rcall> 
cliable borings; I think (hat answers this question. 







Paper C 


Mr. W. A. Radice (Chairman) : 1 slinll call upon Rai Bahadur 
S. N. Bhaduri to introduce his paper on “Reinforced Cement Concrete 
Bridges of 24 feet span constructed in Gwalior State.” 

The following paper was then taken as read ; — 
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REINFORCED CEMENT CONCRETE BRIDGES OF FEET 
SPAN CONSTRUCTED IN GWALIOR STATE. 


Bv 

Rai B^iiadcr S N BH.ADURI, b.a , c.e., m i.e.(Ixd.), 
Chief Engineer, P W. D , Gu alior Goa'Ernmext. 


The importanre of roads — for commercial and industrial de\elop* 
mcnt of towns, for facility of communication from one place to another 
and for several indirect advantages that accrue from their construction — 
has long been realized by Gwalior Durbar 

Years ago a regular road development programme was prepared and 
the order in tvhich the roads were to be constructed was laid down. 
Sun'cys and estimates for these roads were prepared and their construction 
was taken in hand as funds were made asailable. As a result of 
this progressive policy there are at present 2, *243 miles of well-maintained 
metalled road in the State. 

In the beginning to keep down cost of construction, Irish Causewavs 
(locally called liapais) acro<!s streams, and low level causewa>s >\ith 
vents at river crossings were built Tlie low level causesvajs and 
flush Hepals served their purpose well enough when traffic was slow. Now 
that the intensity of traffic has increase and mechanically propelled 
fast vehicles have replaced the slow moving traffic of >ore, it is found that 
flush Uapals and low causeways arc no longer suitable for ilie altered con- 
ditions. ^V^^h the slightest rainfall these Rjpats and causewavs get flooded 
and obstruct traffic Moreover, unless the approaches to these are 
carefully laid out in a catenarv curve and arc properh maintained, 
vlvt surfaces become bumpy, tspecvalK at the joints of sloping and 
horizontal portions. To remove these defects and to improve the 
Rapals and causcway-s, reinforced cement concrete submersible bridges 
were designed and commenced to be built as far back as 1P30. Details of 
eight bridges so far completed in reinforced cement concrete arc given 
ov-erleaf: — 
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In each case the road surface is made a little higher than the 
ordinary flood level so that it may be open to traffic during ordin.yy 
floods. In high floods the bridge is submerged for a short time for which 
these floods last. It would have been very expensive to make high-level- 
bridges. By building submersible bridges expenditure is kept down 
without seriously affecting the usefulness of the roads 

Before adopting the span of24 feet, sections of a number of crossings 
were taken and it was found that the depth of ordinary flood seldom exceeded 
12 feet and that the highest flood level was very much higher than this. 
As the economical span of an arch is appro.ximatcly twice the height of 
the pier, 24 feet span appeared suitable. Rough estimates for different 
spans were then prepared and it was found that an arched bridge of 24 
feet span w’as economical and suited a number of crossings. This span was 
therefore adopted. Three-centered arch is adopted as it is pleasing to the 
eye, is easily constructed, gives an economical design and is better suited 
to this kind of construction th.in a segmental arch which can seldom be 
made to fit the line of pressure. 

To obtain uniformity of construction, steel centerings were made and 
carried from place to place as tcqtiircd for construction. 

In foundations of almost all bridges, after excavating 4 feet to 7 feet 
of sandy stuff, rock was met with This simplified construction to a great 
■extent and enabled open foundation work to be done Enclosures for 
•c-xcavating piers and abutments were made \vith gunny bags filled with 
earth. \Vater was pumped out by means of puJsometer pumps of inch 
■or 4 inch diameter worked by steam supplied from titc boiler of a Road 
Roller which was taken down to the dry bed of the river and placed in 
a position from which se%'cral pits could be served 

The piers of these submersible bridges uerc made of coursed rubble 
stone masonry except tn the case ol the ChaoJi Bridge where owing to the 
’ piers were built. Details 

•n below and except for 


The piers of the Chaoh Bridge were built of cement concrete of pro- 
portion 1 cement, 2 sand and 4 stone metal graded from 2 inches to J inch 
size. 15 per cent stone plums were placed in concrete to cheapen the cost. 
The form for the concrete piers was made of strong uooden frames faced 
AVitli sixteen Z/. H', G, iron-sheets. 

Old rails ueighing 14 or 18 pounds per yard were fixed in holes dug 
in the rocky bottom of foundation pits as detailed below. 

One inch diameter steel rod 8 inches long was passed through the 
web of the rails at the bottom. This end was then placed in holes in 
rock and concreted. Rails were staggered on plan and they uere carried 
up vcnic.'illy to skew-back Iciel, where cross-bars ivere tied on to the top of 
rails in two lines. Later on, the top and the bottom reinforcement of the 
nreb was tied to these cross-bars. After fi.xing the rails, the forms for the 
piers were placed in position. 

M the height of the piers of the Cliaoli Bridge is only 12 feet alxitc 
the mean lied IcscJ of the n\cr, thcwiiole pier was concrel^ in one day. 

To secure umform mixing of the ingredients of concrctea Jax;er Batch 
•Concrete MKcr having a capadty of 12 cubic feet of unmixed material 
and working on crude oil was secured for this work. With this machine 
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one full bog of cement (gross weight 1/20 of a ion, nett capacity 1'2 cubic 
feel) was used with each batch. 

Plate No 11 shows the details of centering. Tor one span five trusses 
were used ; each truss was made in two sections, for facility of transport. 
These sections were bolted together at the site. Tctnporarv pillars were 
built in the middle of the span and adjoining the piers on which the 
trusses were placed. Three small jacl.-screws were put under each truss — 
one at each end and the third in the middle. means of these jack- 

screws the trusses were brought toonclescl. All the trusses were braced 
together both horizontally and diagonally. As soon as the trusses were 
levelled and braced, pieces of channel iron 2 inches by 1 J inches were laid on 
them — channel face down — to obtain asmootii surface for placing concrete. 
To prevent mortars ft oin oozing out through the joints of the channels, 
thin coir string was caulked into the joints on which puddle earth svas 
pressed and smoothed down This gave a water-tight surface. String 
marks were visible in the soffit of the completed arch and if anytiting 
relieved the monotony of a plain smooth surface. 

Bottom reinforcement of the arch was then placed on ll inch cement 
concrete cubes. Tlusga\ca cover ol 1 \ inches for the bottom reinforcement , 
For longitudinal reinforcement < incli diameter steel rounds were placed 
(5 inches centre to centre. For cross reinforcement j inch diameter bars 
were used 12 inches centre to centre Top reinforcement was placed 
1 inch below the extrndos of the arch. The bottom and the top itinforcr- 
xnents were held together by means of ^ inch diameter double headed 
hooks— one for every 25 square feet of arch area. \'crtical boards 
were put along the whole length of the pier for the skew-back The rein- 
forcements being placed correctly m position and the face plates being 
fixed in a vertical plane parallel to the centreline of the bridge, by 
brackets bolted to the trusses, concreting was commenced simulianeou«ly 
from the two skew-backs and carried evenly towards the crown The 
thickness of concrete at the haunches is IH inches reducing to 12 incites at 
the crown. 

The quantity of concrete required for one arch including the skew- 
back which was cast along with the arch being 925 cubic feet, there was 
no difficulty in completing one arch in one day. 

Centerings were lowered on the eighth day after concreting an arch. 
Each of the fifteen Jack-screws In one span were attended to by one man 
and all were lowered simultaneously, one turn at a time till a clearance of 
3 inches was secured lOr the removal of the channels. Three da> s after the 
removal of centering, the face walls were built in coursed rubble masonry 
in cement mortar (1 cement and Csand). Weak cement concrete propor- 
tion 1 cemant, -1 sand and 8 metal was then placed on the haunches up to 
the e.xtrados of the arches. On this G inches of cement concrete (propor- 
tion 1:8:0) was laid to take the cement concrete roadway. 

Tlic haunches of the Chambal bridge on the Arnia-Suvasra road were 
filled with well rammed sand and boulders On this 9 inches thick lime 
concrete was laid to take the cement concrete roadway. The arches were 
completed on the iJOth June, 1933, and by the 12lh July, cement concrete 
roadway was laid in all but GO feet length when a 12 foot flood came on 
the bridge. Except scouring out the lime concrete and rammed sand and 
boulders in GO feet length, where cement concrete roadway was not laid, 
no damage was done to the Chambal bridge. Tlierefore, in the Chaoli 
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bridge cement mortar was used for face-wall and weak cement concrete 
^vas used for filling haunches to save time as work was being pushed to 
completion before the break of the monsoon. A couple of days after the 
haunches were filled, a depth of four feet of water passed over the bridge 
in an unexpected flood. Owing to cement concrete having been used for 
filling the haunches, no damage was done. 

In all other bridges lime mortar was used in face-wall and lime con- 
crete in filling haunches. An insulating layer of 2 inches of sand was 
spread on the weak cement concrete and 0 inches thick cement concrete in 
the proportion of 1 cement, 1| sand and 3 metal graded from 2 inches to 
\ inch tvas laid for the roadway. The cement concrete for the road surface 
was laid in blocks of 25 feet length, the transverse joints being at an angle 
of 45 degrees to the direction of the flow of the river. 

Prcmoulded expansion joints 4 inch thick composed of Mexphaltc 
and fine sand 5 feet in length and 6 inches in tvidth were placed in position 


is a simple and cheap method of making expansion joint sheets adapted 
irom the Indian Concrete journal, Vol. IX, No. 8, page 277.' 

Fine clean sand was heated in a large flat pan to a temperature of 400 
degrees fiihrcnheit. Mexphalte R2 was also heated to the same temperature 
in a separate pan. 0 seers of sand by weight was then put into 4 seers of 
Mexphalte and thoroughly incorporated with it and poured into moulds 
r> feet by 0 inches by J inch which were lined with oiled paper, and were 
levelled up by striking with a batten painted with soft soap and water to 
prevent asphalt adhering to it. On cooling the strips of expansion joints 
were taken out of moulds and stored for use as required. 

The coping is 18 inches wide and 0 inches thick, grooved to take 

. M t. , ».:.i ...-»ou'n on Plate No. III. Bcibre 

■ • • ?s were placed between each set of 

. • ■ • • . r* • inches long by 18 inches wide by 

^ cemcmt concrete, the bottom 6 

inches being left rough. When placed in position 1 foot 0 inches showed 
abo\ c the road surface. The purpose of putting these guard-stones is to 
indicate the width of the road when the river water is inches to a foot 
above road surface. As the collapsible railings have to be lowered to rest 
inside the groove of the coping before rains set in, thcic is nothing to indi- 
cate (he width of the roadway, to motorists and others, who may have to 
use the bridge during low floods 

These bridges are calculated tocarry a load of twelve British Engineer- 
ing Standard Association Units plus 50 per cent allowance for impact. 

In conclusion it may be mentioned that these submersible bridges 
base stood the test oJ floods, »>!iicli range from 4 to JM) feet, eMrcmelv well. 
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Discussions on Paper No. C. 

Rai Bahadur S. N. Bhaduri (Author) J InGwalior tljerc aic a nu»i> 
ber of rivers and nullahs in which during the rainy season, heavy floods 
occur for a few days only. During the rest of the monsoon period, the 
depth of water is low and ni the remaining months of the year there is 
hardly any flow of water 

The problem was to build bridges whicli, without being costly, would 
allow the road across the rivers to be passable for traffic almost throughout 
the year, except for periods of high floods 

A solution was found by constructing submersible bridges because 
high level bridges, on account of iheir heavy cost, had to be ruled out of 
consideration. 

The Ghaoli bridge was built in Cement Concrete as it had to be 
completed before the rains set in and as stone suitable for masonry was 
not available within an easy distance of the work. 

I shall be pleased to answer any questions that may be put regarding 
this paper. 

Nawab Absan Yar Jung Bahadur (Hyderabad State) : Will Rai 
Bahadur Bhadun tell us what kind of foundation he met with. In 
my experience I find that unless foundations are carefully examined 
and piers are tied together there is danger of failure during heavy 
floods 

Rai Sahib Fateh Chaad (United Provittce) : I am greatly interest- 
ed m this paper. In the United Provinces in many places we have 
heavy rains for only a few days and therefore it is unnecessary to build 
|js-v 1 . _i 1 .‘j possible inconvenience 

d Jut the question is whether submer- 

si Do they economise in the work of 

the foundations and in labour charges or only in the cost of materials? 
What is the minimum economical width and minimum cost’ 

Mr. Syed Arifuddin (Hyderabad State) : We have been doing this 
work jn Hyderabad and have built several bridges in surki and in lime 
concrete. The work is rather in an cxpcrimcnlal stage but so far they have 
proved satisfactory After a lew yeaf’. you may expect a paper from 
Hyderabad on this subject ; 

There is .-i limit to the building ol high level causcw.iys 1 somelirriCs 
laid that the estimates lor constructing a high-level causeway and a Ailb 
height bridge come nearly the same When the difference in the cost of 


should be chosen Whenever a high-level causeway is constructed wc 
should know what the full-hcigbt bridge would have cost I hope Rai 
Bahadur Bltaduri will give some figures of relative costs if possible. 

Mr. Dildar Hussain (Hyderabad State) : Mr. Arifuddin li.-is taken 
the wind out of m> sails ! Tlic height of piers giicn in the paper varies 
between feet and 10 feet Why sl^ld a span of ‘24 feet be adopted 
for such piers? The idea of a submersible bridge is lliat normally all 
water passes below the roadway If instead ol arches there had been slabs 
it would hate been cheaper and wc would liave had a lesser area of 
obstruction to the water. 
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Mr. S. Srinivasa Kagbava Charyar (Trichinopoly) : 1 would like to 
know more about the variation in flood level between wide extremes to 
winch the author has referred in his paper. He also states that the rate 
of flow per cubic foot of opening varies very much. \Vill he also explain 
this more fully V Wlial is the dcfiniti* idea of a causeway and how does 
this idea differ from that of bridges? I would also like to know the basis 
on which the details of tcinforccment arc calculated. 

Mr. B. Narasimha Shenoy (Calicut): The idea is not that there is a 
choice between full height and a submersible bridge. The question is one 
decided purely by local conditions. Over a deep and well defined rivci 
cross section, it will not be safe to have a submersible bridge. Over a 
broad stream whicli is shallow, it is advisable to have a submersible bridge 
to keep down the cost of expensive approaclics. The height of the bridge 
is also determined by the level of the approaches. A submersible bridge 
is tbcrcforc one purely dictated by local conditions and there arc few 
eases where a lenl choice lies between the submcr.sible and lulUhcighl 
bridges. 

Mr. A. Lakshminarayana Rao (Masulipatam) : It is stated on 
page 3 ofthc Paper tliat a 2t-fcei span was decided upon as being the 
most economical span In designing a submersible bridge we should sec 
that the obstruction oflered to water is the minimum possible. To have 
arches in the bridge is to have more area of obsti action to the water flow 
than we have in slab bridges. The design of u suljmcrsiblc budge should 
provide for other stresses beyond to.ad stresses In one particular ease I 
found that a twenty feet span slab offered the least obstruction and wav 
more economical than an arched bridge Has the author considered this 
aspect of the question and, if so, what is his experience ? 1 request the 

author to give his views whether submersible bridges have been found 
economical in all cases or only In some cases on account of local conditions. 

Mr. W. A. Radice (Chairman) : Before asking Rai BAtiADUU 
Biiaduri to wind up the discussion I should like to enter into the discus- 
sion myself. 

In some parts of India causeways at low level, without vents, are 
frequently damaged during the rains, c.tusing recurring expenditure to be 
incurred for their repair which often aggregate to considci able sums. 

We all know that for the protection of river banks a guide bund is 
preferable to a spur julling out into the river, as the latter causes 
swirls and scour downstream. Similarly, as soon as the water flows 
over a causeway, the causeway acts as a vertical spur, causing scour 
downstream and the collapse of the causeway. 

Our president. Mu. Stuobs, was kind enough to draw my attention 
to this feature of road construction and to suggest that as the repair of 
causeways in his province made constant annual inroads in his budget 
resources it might be advantageous to replace the ordinary type of 
causeway by a permanent structure, if such could be devised, safe against 
scour, at a cost somewhat jess than the capitalised average annua] 
maintenance and icpair charge. 

I had this question investigated and lound that a concrete slab 
i,,:.!.... — p — t.: -s«-7 — be constructed at about Rs. ICO 
. ■ ■ - . ■ ■ ■ ; - ; cr of such bridges were to be built, 

V* . ■ . ' ! —a number of structures. These 

structures can be made in the shape of a submersible bridge, the slab 
roadway being kept just high enough to clear the ordinary depth of 
water during the rains and high enough from the river bed to 
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prevent excessive scour from the water passing under the slab in 
high flood when the slab is submerged. As the slab is supportctl 
on pairs of Franki piles driven -0 to 25 feet in the river-bed, ordinary 
moderate scour cannot affect the stability of the structure and the 
very nature of the structure prevents dangerous swirls and exceptionally 
deep scour. 

The Author has worked on similar lines and produced an excellent 
and cheap substitute for causeways in places where there is a rocky river- 
bed and is to be congratulated on his success in producing a cheap and 
satisfactory structure of wide application in rocky river-beds. 

I have risen to make these remarks in order to let the delegates of this 
Congress know that the type of structure I have described above provides an 
equally cheap and satisfactory solution in friable river beds and I ,shall 
be glad to give full particulars of my design to anybody interested. 

Mr. S. G. Stubbs (President) : In this connection I may mention 
that Mr. R. A. Fitzherbert (Bombay) told me that he had seen slabs of 
concrete laid directly on sand without anv foundation. I wish he will 
tell the Congress something about it. 

Mr. R. A. Fitzherbert (Bombay) : There arc many comparatively 
small causeways in the Southern Carcle of Bombay Presidency. The 
average span of most of them would be about 300 feet. We placed thick 
slabs of concrete on the downstream ' side of the causeway directly on 
the sand instead of having an apron wall We did this as an experiment 
only but it proved quite successful and we have now used it in other 
places. I think the average velocity of the stream at most of these 
places is about 8 feet per second. 

Mr. S. G Stubbs (PresideDt) : If we could place concrete slabs 
directly on sand like this, i.t would be a very economical way of dealing 
with Nullah Crossings 

Ral Bahadur S. N. Bbaduri (Author) : About twenty-five years back 
in the Central Provinces very wide but shallow rivers with sandy beds were 
made passable for traffic by dumping rubble stones along a predeter- 
mined alignment. As some of these stones got buried in pits scoured 
down-stream of the line, more stones were added and after a few years 
a stable sub.gradc was secured for a fair-weather and sometimes for a low 
lush bridge 

Mr. S G. Stubbs (President) ; 1>>P' not ihe ohsltuelion caused 

hv the stones cicatc a scouring action •* 

Rai Bahadur S. N. Dhaduri (Author) : Irunblr was experienced 
with scour in the beginning but persistent trcntinenl hy adding rnhhle 
Slone year after \ear osercamc it In Gwalior rock is found from five to 
ten feel below the bed of most ol the rivers and ronscr|UPntly not iniirli 
(lifTiculty is experienced with foundation 

We had to make the Chaoti bridge of cement concrete hecatise wr 
were working against lime. Tlic bridge is on the Ijoundary of Gwalior 
State on the Indorc-U^jain-Patan-Ajmcrc road which provides access n* 
Ainirre thiough a number of Indian Slates. 

In Gwalior we wished to adopt an uniform width lor these bridges 
»o that steel centerings m.ade could be utilized on different works. Steel 
centerings were first made fora bridge of SO spans across the Chamhal River 
near Suw asi a on the B. B. and C. I Railway Tliis bridge w as completevl on 
the SOihJune, and on ilie lithjulv there was a flood of twelve feet 

over it The rrinforcrtl cement concrete arches qI the hndee, winch had 
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not sufficient time to set properly, stood the test of flood without an\ 
damage whatsoever. 

In designing submersible bridges, it is, of course, necessary to allow as 
much waterway as possible. The question of lime concrete arches for 
bridges has been referred to by one of the members. In masonry’ works 
for irrigation channels in the Central Provinces lime concrete arches were 
used by me on a few works as an experimental measure. It was found 
that the alternate wetting and drj’ing creates some deteriorating action in i 
lime concrete with the result that concrete Irom the soffit of the arch falls 
to the ground in chunks. 

Even in road bridges this trouble has been experienced I would not, 
therefore, advise lime concrete to be used for arches of road bridges any- 
where. For arches of submersible bridges lime concrete should never 1^ 
used. 

About the height of piers: The economic span is about twice the 
height of the pier. Steel centerings were made for cement concrete 
arches of 24 feet span as this span was found suitable lor a large number 
of streams. It was not possible to make the height of piers of all the 
submersible bridges equal to one h.alf of the span owing to local peculiarities, 
without unnecessarily increasing the cost. 

Mr. Dildar Hussain (Hyderabad State): But why use arches- 

Rai Bahadur S. N. Bhaduri (Author) : 1 found that beam and 
slab construction for submersible bridges gives rise to considerable vibration 
in the stucture when water passes over it. 

Arches are more easily built and the soffit presents a smooth surface 
to the water passing along it. Moreo\er, centerings made for cement 
concrete arches could, with slight modification, be used for stone arches 
also. In Gwalior good building stone is easily available and road bridges 
not subjected to submersion are cheaply m.ade in stone masonry. 

Some members asked for calculations to supplement the paper undei 
discussion. For small arches thb does not appear to be necessary. More- 
over detailed calculations have already been given in last year’s paper 
(Paper No. 3S in the Proceedings of the Third Indian Roads Congress, 
regarding Parbati Bridge) which may be consulted if necessary. 

Mr Narasimha Shexoy has replied to the other points 
raised by some of tlie members and there is no need to refer to tliem 
again. To adopt a beam and slab construction for a submersible bridge is 
to invite trouble in the shape of the tremendous vabintion i\hich is set 
up by flood iiaters passing under the decking. In the case of arch 
bridges, the water passes smoothly along the soffit. The question of 
vibration set up in beam and slab bridges by flood ivater is not a mere 
theoretical one ; it is a practical difficuhv as anyone who has stood on a 
slab bridge during a flood must know. 

I have great pleasure in proposing a vote of thanks to Mr. Radice for 
the trouble hehas taken in occupying the chair during this discussion. 


CORRESPONDENCE 

I. — Comments made by Mr. C. L. Katarmal, State Engineer, 
Orchha State, by post on Paper No. C. 

I congratulate Rai Bahadur S N. Bhaduri for his vriy excellent 
pa^r on reinforced cement concrete submersible bridges constructed 
in Owaljor State. 
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I am not in the least against the use of reinforced cement concrete in 
structures. But I would like to remark that it would have been more 
economical if piers in the case of Ghaoli bridge loo bad been of coursed 
rubble stone masonry — e\cn if good stone had to be carried from some 
other nearest place — instead of reinforced cement concrete which to me 
looks to be the main cause of such a high cost for a small bridge of this 
' si/c. Rate according to detail on page (2C) of the paper comes to 
Rs 381-12 per foot run of bridge. 

1 may be excused to give an instance of a similar type of bridge 
l,l.')0 feet m length which I constructed about four years back over Jamni 
River at Sewari about 10 miles from Orchha railway station, in this 
State, and where the cost was much too low. There already existed a zig-zag 
bridge of olden times over 1,000 feet in length at this site starting frojn 
one side of the river and ending at almost its (present) centre, and I 
had to join tins new bridge with the old one where it ended, so that the 
total length was a little over feet. The old bridge too looked a 

complete one (for olden times) for the whole width of the river. It looked 
that the river changed its course The new bridge has 14 feet high, 
piers of coursed rubble stone masonory on 3 feet thick reinforced cement 
concrete bases moulded On hard rock foundations, and spans ol arches 
up to 25 feet. Tlie bridge has stood the test of floods very well, The 
rate per foot run of bridge is Rs. 80. 

II.-RepIy by author (Rai Bahadur S. N. Bhaduri) to the 
comments made by Mr. C. L. Kartarmal by post on Paper No. C. 

I am thankful to Mr. C. L. Kartarmal lor his note on submersible 
lindges constructed in Gwalior State. 

_ As mentioned in the body of Papci No C referred to above, tlie 
piers in the case of the Chaoli bridge had to be made oJ cement eonctclr 
as good stone suitable for masonry work was not available williiii a 
reasonable distance of the work. Basalt stone boukleis obtainable ul a 
distance of about seven miles were very difTicuIt to tltrss to shape. 
Moreover, we were working against time to complete the aielies brloir 
the rains set in and therefore had to construct the piers in lemenl eon 
Crete. By doing so, each pier was r.ast in onr d.iy, an I ihe gieal stn laa. 
in time thus made, enabled us to lornpletr ilir anhrs |tcs( he/oie the 
rains 

The centerings were struck on the eighth tln> and sldr uidlv im m 
constructed three da>s after the ctrUrrings weir irmmrd 

The haunches were filled svitli weak crineni i oni i* !•' (pi iipMi Mon 
I 1 4 ; 8). Two days after filling the haunches, or III Iren chn s allM •litMoa 
the centering, the ChaoU bridge w.as subjected to nii on''spMlMl Ih'iiil 
of four feet above the road le\ el. No damage nl mo son was doni to ihi 
bridge 

As mentioned in the p.T{>er, the piers ol all mhri hildins \«mi hnih 

of coursed rubble masonrv 

Rernforerd cement concrete arches fin submrisililo ih-m|i n* 

Ow.alior State have given no trouble so l.jr 

The approaches of the Chaoli bridge b.ul to hr in,Ml) nilh mt apion 
wall down-stream for a length of alioul Wtn fm in pirvnti •< mim rtod Ihu 
increased the total cost n! the bridee 
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Where good stone suitable for arch masonry is obtainable nearby, 
stone arches are likely to work out cheaper than reinforced cement con* 
Crete arches but for quickness ot construction, neatness of appearance 
and strength, reinforced cement concrete arches, if properly made, are 
difficult to beat. 



Paper B. 

Nawab Absan Yar Jung Babadur (Chairman): 1 caU upon 
Mu W. A. Radicc lo introduce his Paper on “ Franki Pile Foundations 
for Road Bridges.” 

The following Paper was then taken as read : — 
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FRANKI PILE FOUNDATIONS FOR ROAD BRIDGES 
By 

\S'iLi.iAM Archibald Radice, b.a.(Cantab), a.m.inst.c.e., m.i e.(india). 


For the past two years, the author has been entrusted SNitli the 
exploitation of the Franki Piling system in India and has also inspected 
several important piling jobs on this spiem in Europe. This 
experience has convinced him that the Franki piling system is scientific 
and provides unequalled security. In this paper he proposes to put the 
fruits of his experience before the Road Engineers of India, as he feels 
that this piling system Is efiectively a useful new tool to the hand of 
the Structural Engineer and especially to the Bridge Builder. 

^VHAT IS A FRANKI PILE ? 

For a full description of the Franki pile system the reader is referred 
to the publications obtainable from the concessionaires csploiting the 
system in India.* For the purposes of this paper it will suftice to say 
that the Franki bearing pile is a concrete pile cast in situ of high bearing 
capacity, the safe working load varying from 80 to 120 tons per pile. 

An open ended tube is sunk into the ground in an entirely novel 
'vay. It is dragged down into the ground by the friction developed 
between a plug ol unset concrete within the lower extremity of the tube, 
which ping is highly compressed by the repeated blows of a cylindrical 
4'ton monkey working loosely up and down within the tube. The 
tube itself is never struck. 

When the tube has reached good ground, it is held firmly by two 
side ropes and unset concrete is squeexed through the lower extremity 
of the tube into the surrounding subsoil (just like icing sugar is squeezed 
by a pastry cook over cakes) by the pressure generated by the blows of 
the monkey By these means an expanded base of compressed conCTcic 
>5 formed in the good soil, its size being only limited by the compressibility 
of the soil More concrete is then added, the tube is pulled up a fesv 
inches and the concrete is again rammed so as to squeeze it against the 
surrounding subsoil exposed by' the lifting of the tube. This process 
can be regulated at w'lll by regulating the number and intensity of the 
blows of the monkey at each lift of the tube so that the whole pile 
can be made as wide as one desires within the limits of the compressi- 
bility of the soil. Normally, the expanded base is made about ll to 4 feet 
in diameter and, if the 8tand.-ird llMnch tube « used, the shaft is usually 
-2 to So inches in diameter, according to the soil. If there are hard 
str.ata at intermediate points, c'panded intermediate bulbs can l>e formed 
in them to increase the bearing power of the pile. 

Tl.r Brs.il.wa.tp Bum A t-.wiiw. ii.-i' C.«.p.r.N Uuuird tl*kuTui 
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Should ihe pile be long or be exposed to lateral forces it must be 
reinforced. To do this, steel “cages” arc previously prepared by 
arranging from G to 12 vertical steel rods on a 17'inch circle and surround- 
ing them with a spiral of S/8-mch rod at 4 to 8 inch pitch, welded to the 
vertical bars at each point of intersection. This cage is lowered into 
the tube as soon as about one half of the expanded base is formed, its 
dimensions being such that the monkey can work freely witliin it. The 
base is then completed and the shaft formed as usual, the concrete being 
forced outwards through the meshes of the cage. 

The result is a more or less spherical mass of concrete formed below 
ground, about o to 4 feet in diameter surmounted by a highly rugous shaft 
22 to 25 inches in diameter, slightly tapering outwards towards the top. 
Both the concrete and the surrounding soil are highly compressed, first by 
the sinkage of the tube itself and later by the ramming which forced the 
concrete out of the lower mouth of the lube into the soil. 

QUALITY' OF the CONCRETE. 

The standard concrete used is mixed as dry as possible, to a consistency 
resembling that of brown sugar, and in the proportions of 1,500 pounds 
of cement, 00 cubic feet of stone chips and 45 cubic feci of sand 

As some engineers ha\e entertained doubts as to the eJlcct on unset 
concrete of the ramming tt receives in the process of forming a Franki pile 
e.Ntensive tests have been carried out on concrete cut out of Franki piles 
both of recent formation and also from piles a number of years old. A 
tjpical testing house report is leproduced : — 

“ The concrete e.xamined, taken from various Franki piles, is of great 
compactness. On cleavage, (he aggregate breaks across the elements 
composing it. 

The specific gra\ity is high, absoiption of water e.xtremcly low and 
nearh totally watertight. Resistance to crushing is very high and in 
no case ha\e any construction defects oi planes ol weakness appeared, 
the concrete is pcifectly homogeneous. 

The propoiiion oJ cement to aggregate is 1 to 6, carbonic acid is 
practically non-existent. Resistance to the action of acids is consid- 
erably higher than is the case with ordinary’ concrete of like 
proportions. 

The following numerical results w’cre obtained in the tests. 

Specific gravity — average 2'45, 

Water absorbtion — a\cr3gc 0*73 per cent. 

Permeability of a cube S inclies by S inches under a pressure of 
735 pounds per square inch — nil. 

Ultimate crushing strength — 7,730 pounds per square inch.” 

BEARING POWER OF FRANKI PILES. 

Calculations of the bcaiing power of piles lack precision owing to the 
number of factors to be taken into account and the uncertainty of their 
c.xact values. Even when calculations arc made conscientiously they can 
only give approximate indications whose practical value depends loagreat 
extent on the good judgment of the computer and his knowledge regarding 
the strata pierced and the characteristics of the piles used. 
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The building up of pile formula: lias iiiicrestcd engineers and 
scientists all over the world and a vciy large inmibcr lias been c\oKcd. 

Those now in general use can l>c dhtded into iwo classes : 

{«)-■ -.a . 1 . .. .. . ..... . . 


height. 

(6) Static lormula: depending on the friction between soil and pile, 
and the bearing power of the soil under the base. 

Dynamic formulx cannot be applied to Franki piles for the ibllouing 


1. When the tube has been sunk to the required depth, the conditions 
of equilibrium of the surrounding sub-soil difTcr completely from 
those obtaining after the pile has l>een formed. The ramming of 
the concrete whilst forming the enlarged base and the shaft com- 
presses the sub-soil considerably more than the driving of the plug 
and sinking of the tube. 

2. The refusal measured is that of a smooth tube of comparatively 
small weight, the actual pile h.as an enlarged base, a highly rugous 
shaft and weighs conuderably more than the tube. 

3. When the tube is being dragged down by the plug, the dispersal 
of the kinetic energy* of the monkey cannot be ine.asvired, this leads 
to the adoption of exces«ive factors of safety. 

The dynamic formulx most in use take the shape : 

/?=._ . _ _ 

'Vhere R as the safe load in tons ; ir„ and — the weight of the monkey 
and of the pile respectively in tons ; Ass the drop of the monkey in inches ; 
f = the penetration of the pile in inches under one blow of the monkey 
and 5 *= .a factor of safety, usually 4 to 0. 

Applying this formula to a Franki pile, must be the weight nf 
the tube, say 2‘65 tons for a tube 33 fcci long, and = 4 tons. 


If a safe bearing power Ji of 70 is required the penrlr.ntini) for n 4 frei 
drop of the monkey would have to be • 


4x48 


—0 2“.'* inches per blow 


“ 0x70 (4 + 2 cr>) 

To people accustomed to ordinary frwtion piles this rcfus-il would seem 
much too large. Against this, innumerable test lo.adings of Franki pifr« 
are avaikable for which refusal obscr\'ations h.ave lieen made. In one case 
the rcrus.al was 0 039 inches per blow, in another OMtl to 0 7S7 inches 
In the former c.ise, the Fnanki pile wJien made rcgisirrctl a gre.nier settle, 
ment than in the latter. Obsiously the application ofthnamir formufa- 
to the Franki tube have no aWlute value, hm ultimate penetration 
me.asuremenls on the tube can l»c uw! ads .sniai;eousI> to ronipnre 
dilTerenl piles in the same soil. 

Comparatn-c refus.al measurements on the iul>e sunk ne.ar an explor.a- 
tionlxire hole confirm the re'ist.snce of the various strata as .aseeriainexl 

by the Ixiring and set up a it.ind.an! hv which it is e.asv to rccognire when. 
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in other neighbouring pile locations, the tube has reached the good soil. 
Otherwise penetration measurements on the tube cannot produce an 
absolute factor for calculating the bearing capacity of Franki piles. Static 
formulas are in effect the only formula; which can be usefully employed. 


Static formula; are generally in the form 

(2) 

Where the bearing power of the pile ; Aj, and As = the areas of the 


base and the .surface of the shaft respectively ; p ~ the resistance of the 
soil under the base; = the co-cfiicicnt of friction between concrete and 
the soil. 

The most convenient formula of this type is ; 

R= ^ Ah^ tan- (4S’+ )] 

ji=-e 

+7 [° ^ ( 2 '' ) ''•< ] ( 3 ) 

Where n = the serial number of each distinctive layer of the soil 
beginning from ground level and counting dotvn- 
wards. 

m = the highest value ofn. 

])^ ss the weight in pounds of one cubic foot of the material 
forming layer n. 

= the thickness in feet of layer n. 

= the angle of repose of the material in layer n, 

n the co-cfficicni of friction between the material in layer 
« and concrete. 

n— 1 

2 — the depth in feet below ground level of the upper 

o surface of layer «. 

A = the cross sectional area in square feet of the base of the 
pile. 

p = the perimeter in feet of the shaft of the pile. 

R = the safe bearing power of the pile in pounds. 

This formula takes the following factors into account : — 

(1) The bearing power of the soil under the base of the pile. 

(2) The increase in this bearing power due to the depth of the soil 
above it. 

(Jl) The lateral friction of the soil against the shaft. 

(4) Tlie increase of this friction due to the depth of the layer in 
question. 

(.')) Tl»e greater cross section of the base. 

(G) The increase in the co'cfllcient of friction of the soil against the 
shaft due to the double compression of the soil, first by the 
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, sinking of the tube and later by the ramming of the concrete form- 
ing the shaft. 

(7) Tlic increased resistance of the soil in cases where piles are dri\en 
at the bottom of deep excavations. 

The Gih factor above is covered by a judicious choice of the value of 
/». Where the shaft is very rugous and the soil well compressed the \aluc 
of fi can be taken as high as the internal co-efficient of friction of the soil 
itself, namely tan <l,. 

The above formula can also be expressed in the more general form 

R=D !»„-( ^-+1 (-1) 

Where dM = the vertical projection and dSfy = the horizontal 
projection of an clement dM of the external surface of the pile. 

Tliis formula can be applied to piles of irregular shape and especially 
to Franki piles with intermediate expanded nodes at intcrs’al up the shaft 
and of increasing diameter conesvise towards the surface as the lateral 
resistance of the soil diminishes. 

In Appendix I, values of the various functions of the angle of repose 
are given and in Appendix II a classification of soils and their charaetcris- 
hes. These values arc approximate and should be used judiciously and 
only when reliable experimental data are unobtainable. In this paper 
numerical examples are given of the application of these formuli to various 
Franki piles which have later been subjected to test loads and offer a direct 
comparison between theory and practice. 

T* ’ . . - . . . p 5 jg 5 _ In bridge 

founc at more or less close 

*paci. le into play, since the 

frictional support from the soil surrounding the shaft suffers considerable 
*uc>dirication. 

It is especially in cases where piles must be closely grouped to carry 
Iwgc concentrations of loads over a minimum area that the Author has 
found Franki piles particularly advantageous. Tlie enlarged base gives a 
positive, measurable bearing, irrespective of the lateral friction of the soil, 
"'hich a pointed pile cannot possess. In effect the value of closely spaced 
Groups of pointed piles, especially in plastic soils like clay, must always 
remain suspect and can only be ascertained positively by the expensive and 
difficult process of loading several contiguous piles simultaneously. 

In the case of Franki piles the amount of concrete used in forming the 
base can be measured and from this a fair approximation of the area cover- 
ed can be obtained. In several cases of groups where the piles were five 
fret centre to centre it was clear tliat the expanded bases of the piles were 
touching. Taking into account the high state of compression of the soil 
betw cen the shafts and the obstruction offered to release of this pressure by 
the proximity to one another and the muliipHcity of the shafts themschej, 
there can be little doubt iliat the whole mass of piles and the toil between 
their ihafis acts on the strata below the touching expanded bases as a 
monolith. Tlie bearing jsower of a group of Franki I’ll^s must, therefore, 
be the bearing power of the M»il underneath tl»e expanded ban-s over the 
■whole aiea eoscred by the prsiup ofpiW. 
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The bearing power of a horizontal plane in any given soil increases 
with the depth and there are many lormuke which render it easy to estimate 
its value. The one which seems to suit the conditions best is: — 


_ 1 _ ,2 /I— jin A , p l-i-sin<h\ 

R = -^D -^h tan A ( . , -r ^ + C - ‘ - y (.5) 

G V 1 *!• Jtn 1 — si/i if} J 

Where /? = the ultimate bearing power in pounds per square foot of the 
soil at depth k. 

D = the weight in pounds of one cubic foot of the soil in question. 
/» = the perimeter in feet of the whole group of piles. 

A = the cross sectional area in square feet of the whole group of 
piles. 

A=the depth in feel below gtound level of the bases of the piles. 
^=5 the angle of repose of the soil in question. 

Xn homogeneous soils the sale bearing value should be taken at one- 
fourth or one-sixth the value of R obtained as above. In cases where the 
bases are founded on a harder stratum than the upper strata, the value of 
/?, if based on the characteristics of the softer upper layers, need not be 
divided by so large a factor of safety. Good judgment and experience on the 
part of the computer are necessary. In many such cases the Author has 
adopted one half of the value of R with excellent results as demonstrated by 
subsequent loading tests. In Appendix III values of the expression : 

/ I— sin A I /V l+-nn 6 \ 

are given for values of a from 5 degrees to 50 degrees. 

EXAMPLES OF THE APPLICATION OF THE 
.4BOVE FORMULiE. 

1 . In this case the length of the piles was 10 feet 9 inches and the 
composition of the sub-soil is given in the following table • 

Thickness of Weight of cubic .\n 5 le of 

Nature of strata strata m loot of the soil repose 

Icct in pounds 

Earth . , 2-30 100 3 j^ 

Sand and Peat 

mixed . . . 4*27 1 OG 30"' 

Peat ... l'C4 02 lo-> 

Wet sandy clay ... 4T I ) 118 5 25“ 

4*42) 

The average diameter of the base was 7*55 feet 
,, ,, ,, shaft „ 4 36 ,, 

The area covered by the base was 44’C72 square feet 
The perimeter of the shaft was l.'i'6l4 feet 

„ „ „ base „ 23’721 feet 

.\pplying formula (3) above wc get. 

( 100by2 30by3 CS ) f 100 l»y7 h> WO byMC by 2*30 

1 100 by 4-27 by 3 00 | | 100 by577 by 1'334 by 4 43 by 4 27 

It =. { C2 by 1-C4 by 170 \ by 44-672+ t 62 by -268 by 10 72 by 7 30 by 1 6t 13 014 

1 118 5 by 411 by 2 47 I t 118 6 by .4CC by 1 217 by 10 27 by 4 11 

U18 5 by 4-42 by 2-47 I [ 

+ lls-5by 4G0byl217 b> U'uS by 442 l»> 23-721 = 87.3 + 29.8+10 0=103 1 ton». 
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The calculated safe bearing power is therefore 1C3'1 tons. 
In an actual loading test this pile behaved as follows ; — 


Test Load 

Deflection 

tn ton^ 

inches 

2.’> 

•Oi 

GO 

US 

‘.'0 

•12 

125 

•1G5 

luO 

20 

I'h 

235 

200 

28 

225 

3.55 

2G2 

*500 


It will be seen that up to 200 tons the deflections are proportional to 
the load, but with 200 tons and over the deflection increases more rapidly 
than the load. 200 tons can therefore be taken as the critical safe load. 
The safe working load should be somewhat below this, say 150 to IGO tons, 
2. In another case the length of the piles wa52l‘77 feet The nature 
of the sub'soil is given in the following table* — 


Nature of the soil 

Yellow clay 
Sandy clay 
Wet sandy clay 
Grey quicksand 
Sandy clay 
Green clay 


Uticknest of 

Weight of 1 cubic 


strata in 

foot of the soil 

\nale of 

feet. 

in pound?. 

repo?e 

4*02 

103 

40* 

8*20 

94 

40’ 

4*92 

118-C 

25’ 

230 

125 

20' 

1*97 

118C 

25® 

2*40 

125 



The diameter of the shaft was 23 C inches 
II „ „ „ base „ „ 

The area of the base was 5*325 square feet. 
The perimeter of the shaft was G*1C8 feet. 
II „ „ „ base „ R*235 feet. 


Applying formula (3) above w’c get. 




103 by 4 92 by 4 6 
94 b) S20 b>-4'« 
118 C by 4-92 by 2 47 
123 b5 2-30 b> r-j2 
llSCbN ig7b> 2 47 
125 b^ 2 40 by 2 47 


103 b) '8t In l-7&'i b> 4 02 by S 40 
94 b> *R4 b> r7a> by 8 20 by 9*02 
by532>+ llSCb) 4C0b> 1 217 by 4 02by IS.'.S b% 0 K*'' 
123 bv 3C8b> M32by2‘30b> n iO 
lI8Cb> 4G0bvr217b\ l-97bv21-31 


+ l25by ’4C0by 1*217 by 2 40 1^*23 51 b) 8-23.7= 22*1 + C>1 + 17 0 = H)0-2 i, 
The calculated safe bearing power is therefore 109 2 tons. 

In an actual loading test the pile behaved as follows; — 


1 in 10111 . 

30 


senirmrnt in 
001 

G5 


O0S5 

00 


0 12 

101 


ti in 

lie 


U2t) 

157 


0235 


Up to 12J tons the deflections are iM-oj^rtional to the load but with 
12i tons and o\rr the deflection inewasrt more rapidly than the load. 
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122 tons can therefore be taken as the critical safe load. The safe working 
load should be somewhat less, say, 100 to 110 tons. 

SPEED OF EXECUTION. 

The Franki pile driver is a very modern and powerful machine and 
can produce piles at a very rapid rate. This, combined with the high 
capacity of individual Franki piles produces an astonishing output of 
bearing power. In a case which recently came under the Author’s notice 
several hundreds of Franki piles of 100 ton safe bearing capacity were 
being made through o7 to 66 feet of alluvium, silt and clay down to a 
confined bed of compact sand on which the e.Kpanded base was formed. 
Two pile drivers were at work and the average output over several months 
work was 72 piles per week. This is equivalent to 3,600 tons of bearing 
power per pile-driver-week 

Applying these results to a bridge foundation, suppose the bridge 
consists of 9 piers each weighing 1,000 tons and two abutments weighing 
1,500 tons each resting on wells sunk to a depth of 70 feet in silt and clay. 
These wells would take at least six months to sink. If groups of Franki 
piles were used, some 120 piles would suffice and at the rate of 20 piles 
per week, one pile-dri\er could complete all the foundations in sixwceks 
The bridge structure on wells would thus require two working seasons, say, 
twenty months to construct if founded on wells and only one working 
season, say, eight months if founded on Franki piles. 

LATERAL FORCES AND SCOUR. 

Modern bridge specifications lay stress on the effects of lateral forces 
on bridges and their foundations and lay down rules for accurately defining 
them. These comprise the effects due to wind, traction and braking of 
the live load, pressure of the current against the piers, etc. 

In dealing with foundations the computation of the effects of lateral 
forces depends entirely on the depth of scour of the river-bed during 
maxima Hoods It is, therefore, highly important to form an accurate 
estimate of the maximum e.\pected scour. It is with some degree of 
trepidation that the Author approaches this aspect of the problem since 
many eminent Bridge and Irrigation Engineers have devoted years of study 
to this subject and have evolved a series of formula: for measuring river dis- 
charges and the scour to be expected in rivers in India. In his practice the 
Author has found these formula somewhat difficult of application frequently 
giving widely diverging results. He would, however, draw the attention 
of his professional brethren to a very valuable paper by Mr. G. Lacey to be 
found in the Proceedings of the Institution of Civil Engineers, London, 
in volume 229, page 279, entitled "Stable Channels in Alluvium.” 

In dealing with Franki pile bridge foundation designs, the Author has 
found it necessary to confine the use of simple pile and capping slab 
foundations to cases where the maximum scour does not expose more than 
about 15 feet of pile. Methods of dealing with deeper scours are 
suggested further on in this paper. 

IVith moderate scours and lateral forces, groups of plain vertical piles 
do very well if carefully checked by compulations. The large diameter 
of Franki piles (22 to 25 inches) and the considerable amount of rein- 
forcement possible render them especially valuable in resisting bending 
moments. 
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Methods of doing so which have been extensively used by the Author 
and found most dependable may be found in Paper No. A (I) submitted 
to this session of the Indian Roads Congress by Mr, Guthlac Wilson and 
will, therefore, not be discussed here. When the lateral forces to be resisted 
are considerable it has frequently been found useful to utilize inclined 
Franki piles since they can be formed at inclinations of from & to 26 
degrees to the vertical. In a recent design for a bridge consisting of 80 
feet spans, each pier was founded on six inclined Franki piles arranged iti 
two groups of three piles each. One pile in each group raked up or 
downstream, the other two diverged in the direction of the centre line dI the 
bridge, all at an inclination outward of 1 in 6. Although, owing to their 
expanded bases, Franki piles can resist upward tensile forces of 30 to 
BO tons each, in this case it was found possible to arrange matters so that 
Under the worst combination of lateral forces no pile was stressed in 
tension. The interesting point in this case was that, the piles being 50 feet 
long, the base of the foundation covered an area 38 feet by 25 feet and 
yet ofTered a pier base only 6 feet thick to the current. It would be 
difficult to achieve so small an obstruction to the waterway combined 
with so wide and stable a base by any other method of construction. 

The considerable power of groups of inclined Franki piles to resist 
lateral forces even in friable and erodiblc river beds makes it possible to 
design and construct cheap foundations quite capable of resisting satis' 
jactorily the thrust from arch ribs. The dilTiculiy of achieving this result 
in soft soils has tended to produce bridges with slab, beam and slab or 
bow string girder spans. Plain arch spans compare both ssthetically and 
economically with these types of construction and if there is a suitable 
stratum of good soil at reasonable depth (lOO feet or less) the inclined 
Franki pile provides a cheap and simple means to reap these advantages. 

In Paper No. A (11) submitted to this session of the Indian Ro.ads 
Congress, also written by Mr. Guthlac Wilson, a very pleasing application 
of the Franki pile for road bridge foundations is described. In this case a 
bridge had to be cast across the neck of a scries of lakes excavated by Cal- 
cutta Improvement Trust in order to fulfil the dual purpose of providing an 
ornamental sheet of water in a public park and provide filling material 


balances on a knife edge beam resting on five Franki piles carr>ing 125 
tons each. The anchor arms were shaped as boxes which contain the 
approach earth work and retain it acting as U*abutmcnis. Tlieir extremi- 
ties rest on three Franki piles wliich act in tension when the cantilever 
arms arc fully loaded and as bearing piles when the bridge is empty. 
The cTccl is pleasing, the bridge is cheap and has behaved excellently 
during the test loadings on completion. The sixteen franki pi/cs on 
v%luch the whole slructuie rests were completed in as many dajs and were 
driven to a thick layer of confined sand at a depth ofTS feet. 

In the case of rivers with friable river-l^s where a reliable stratum 
at reasonable depth makes a piled foundation rational, but where the 
scour is expected to exceed 15 feet, the plain pile and slab t)-pe offounda- 
tion will not do .and other t>pes of foundation must be adopted. 
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The Author's favouiitc inctliod is to drive tlic group of piles as usual 
but tenninnting the roncrclc shafts below ground at maximum scour 
level. This is quite easily done by forming the pile shafts as usual up to 
the desired level and then simply Withdrawing the tube without further 
concreting Whilst the bmied Fraiiki piles are setting, steel sheet piles 
are driven round them with an overlap in depth of 10 to feel to form a 
coffer dam. If the subsoil at scour level is impermeable the interior of the 
temporary coffer dam is cxcavatcrl by hand in the dry until the tops of 
the piles are exposed. A capping slab is then cast round them and the 
pier built on it, the sheet piles being pulled up as soon as the pier masonrj* 
rises above ground or vvatci -level for use on the next pier. If the soil at 
scour level is not impeiincablc the material within tlie coffcr-d.im is 
dredged out until the tops of the piles arc reached and then the soil between 
the pile heads is cleared by means of skin divers at reasonable depths, other- 
wise by water jet and air-lift pump. .A concrete plug is then cast under 
water with a tremie amongst tJic pile tops and the c.xcavalioii pumped dr>’. 

Another metliod very cfTiCicnily developed by J. C G.tminon Ltd., of 
Bombay, is to cast one or more thin concrete rings about 10 to I2 feet in 
diameter and about S inches thick. Tliesc rings arc sunk as wells by open 
dredging to a few feet below scour level Piles arc then driven through 
the bottom of these wells and brought up through the water, level with 
their tops. The wells are then plugged under water, dewatered, filled with 
sand and capped with a concrete slab on which the pier is built above 
water-level. 

Of these two alternatives the Author prefers tlie first because the pier, 
if made of reinforced concrete, can be shaped like an inverted mushroom 
with a very slender stem, right down to scour level, ofiering a minimum 
of obstruction to the waterway and minimising eddies and local scour near 
the piers. The second method seems to obstruct the waterway when scour 
takes place, about as much as ordinary well foundations. 

FORMING FRANK! PILES IN WATER. 

When, as above, Franki piles are to be formed in water, the following 
process is adopted. Cylindrical sheaths of 10 gauge steel sheets are requir- 
ed some onc-lourlh inch more in internal diameter than the externa! dia- 
meter of the Franki tube. These sheaths must be long enough to pene- 
trate some 3 to 5 feet into theriverbed and project about 12 inches above 
the surface of the water. One of these sheaths is lowered perpendicularly 
on to the bed of the river and enough dry gravel is poured into it to fill It 
some 12 to 18 inches in depth. The pile driver is brought directly over 
the shc.-ilh on a barge or on staging. The Franki tube is then lowered on 
a stout steel plate, concrete is tipped in the tube to a depth of 3 or 4 feet 
and rammed lightly to form a compact plug at the lower extremity of the 
tube. The steel plate is now drawn aside and the plugged tube is lowered 
inside the sheaili until it rests on the gravel plug inside the sheath. When 
ihe concrete plug in the tube is struck with the monkey, the gravel plug 
in the sheath consolidates and drags down the sheath with the tube, both 
penetrating into the river-bed. As soon as the sheath has penetrated 
sufTiciently into the river-bed, ramming is stopped and the sheath is held 
by two liglit wire ropes attached to its upper rim. Ramming is then 
continued as on dry land and the tube is driven (o the required depth 
'liding telescopically through the sheath. The tube is then held by the 
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sidc-ropcs and the plug is chased out and the spread base formed as 
usual. As the tube is drawn up to form the shaft, jis bottom orifice 
eventually comes level with the bottom of the sheath. In this position, the 
monkey is lifted out, the tube is filled with plastic concrete and pulled 
right out. This fills the sheath with concrete, the little water between 
sheath and tube being either driven out by the concrete flowing out of 
the tube as it rises or being absorbed in the concrete. The sheath thus 
acts as an underwater shuttering in which the concrete can set undisturbed 
into a cylindrical ( olumn of about 20 inches diameter. The sheaths are 
left in place to rust a\yay. The result is an ordinary Franki pile up to 
about S feet below river bed, surmounted by a monolithic round column, 
the reinforcements being continuous from the enlarged base to the top of 
the column. 


CONCLUSION. 

It IS, of course, impossible in a paper of ihis nature to con\c> more 
tiian a very superficial idea of the hundreds of useful applications to which 
this new element of construction lends itself. One thing, however, must 

III.* 1 r , — .u*. j;-.. -ssion. It is insufiiticnt to take the design of a 

it Franki pile foundations under it. Most, 
‘ the system will be lost. The only way to 
get the best of the system is to start with the question t is this a sue suitable 
lor Franki piles. It is not sufficient to find penetrable materials o\crl)ing 
good bearing strata at reasonable depths. Only an engineer who has had 
considerable experience in the design of bridges and of Franki pile 
foundations in a large variety of sites and conditions can answer this question 
efficiently Should the answer be in the affirmative, then the whole concep- 
tion of the layout, length of spans, type offoundation, type of pier, etc., etc., 
must be built up round the central idea of the Franki pile, its advantages 
and Us limitations. Given these essential requhements, it is the Author’s 
firm belief that the Franki pile will generally provide the best and ofien the 
only solution of difficult bridge foundation problems where piled Ibunda- 
tions arc lational. He hopes that, at the very least, he lias enabled 
other engineers to get a first if superficial idea of the putcntialitles inherent 
in this novel structural expedient. 
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</• 


10 

15 

20 


35^ 

40 

45 

oO' 


Naturr of soil. 

Teat 

Mud 

Mould 

Dr>' Jandy cla> 
>Vet sandy da^ 
Or) hard clay 
\N>t hard cla) 
Dr) sand 
Wet sand 
Quick sand ... 
Dt^ grascl ... 
Wet gratrl ... 


n = tan 




m~ 1 + tan~ 


0-1T6 
0 26S 
0-3G4 
0 406 

0- 577 

0 700 
OSIO 

1- 000 

1 102 


1'42 

1’70 

2-12 

2-47 

SCO 

3'6S 

4- 60 

5- S2 
7-56 


lOSl 
llt72 
1 132 


I-3S4 

1 490 
1-705 

2 000 
2 430 


APPENDIX II. 


0 to 13' 
10 to 15 
35 to 40 
40 to 45 
20 to 25 
40’ to 45’ 
20 to 25 
CO to 40’ 
40' 

15 to 25' 
55’ to 40' 


D m pound), 
per cubic foot. 
37 5 to 62-3 
106 to 112-5 
S’ 5 to 106 


IIS.O 

103 


lOOto ICO 
112-0 

IIS 5 to 125 
112.5 to 1155 
11S5 


APPENDIX III. 


\’alues of /(<,'.) 


Ian 


f j-sm .t. 
\i+jin 4 , 


+ G 


/+jm 
1—sin 4 .) 




/w 


5’ 

10’ 

15’ 

20’ 


OS’ 

40’ 

45' 

60’ 


0 6DS 


4.655 

7.000 

10.560 

15.325 


35.152 

64.2l'0 
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<?• 


}i~ian 


•h 


(j.- + 4 ) 


1 + tan~ 


10 


50' 

40 

45' 

:>o^ 


0176 
0£6S 
fPoG* 
0 40 S 
0 577 
0 700 
0S40 
1-000 
1102 


142 

1- 70 

2 - 12 
2-47 

s-co 

s-cs 

4- 00 

5- S2 
7-56 


1 W 1 
1-072 
1 132 
1-217 
1-334 
1-490 

1- 705 

2- 000 
2-430 


XflUJJf t'f '<’ 51 . 

IVat 

Mud 

Mould 

Dr>-Mi)dy rl-»> 
\SVt SAudy cUv 
Dty- hard day 
WVt lianl dij 
llr) wnl 
WVt s.utd 
Qjdd. saH‘l 

\NVl ... 
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v’> 

0 to ir*' 

10- to 15 
5.7- to 40’ 

40' to 45* 

20 to 25’ 

40’ to 45’ 

20 to 25 
50’ to 40’ 

40’ 

1.7' to 25* 

3.7' to 40’ 


li in pound*, 
firr cubic /iMf. 
37-5 to 62-3 
106 to 1125 
ST 5 to 106 
03 5 

ns.6 

103 

127 

lOOto 106 
112-5 

118 5 to 125 
112.5 to 115-5 
]]$5 
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V.nlucs 


or/(v*.) = 


7 — Jin <,s 
1+sin ^ 


+ G 


7 +jm 
1 —sin 


y 

10 * 

IS’ 

20' 


30 ’ 

35' 

40’ 

45’ 

50 * 


fM 

0 698 
1.627 
2.890 
4.63S 


10 SCO 
15.325 
23320 
35 152 
54200 
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4' 

ji= faK ^ 

iatC 

1 4- ian' 

10’ 

0176 

1-42 


1 031 

15- 

0 268 

1-70 


1-(J72 

20-- 

0-3G4 

2- 12 


1-132 

25’ 

0 466 

2-47 


1-217 

30’ 

0-677 

3 00 


1-334 

35’ 

0 700 

3-C8 


1-490 

40’ 

0 810 

4-GO 


1-705 

45® 

1000 

5-S2 


2 000 

50’ 

1-192 

7-5C 


2-430 
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Nature of soil. 



D III pounds, 
per cubic loot. 


Peat 

0‘ to 15’ 


37 5 to 62-3 


Mud 

10* to 15’ 


106 to 112 5 


Mould 

35’ to 40* 


87-5 to 106 


Dry sandy clay 

4(r to 45’ 


D3 5 


Wet sandy clay 

20’ to 25’ 


118.6 


Dry hard clay 

... 40’ to 45’ 


103 


\Vet hard clay 

20’ to 25* 


125 


Dry sand 

30’ to 40’ 


100 to 100 


^Vet sand 

40’ 


1)25 


Quick sand .. 

15’ to 25’ 


1185 to 125 


Dry gravel .. 

... 35’ to 40' 


112.5 to 115 5 


Wet gravel ... 

25’ 


1185 
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Values 

or/4) - lo" (fx^' + e 



4l 

S'> 

10 ’ 

15’ 

20 ’ 

25® 

30’ 

35’ 

40’ 

45’ 

50’ 


/W 


4.638 
7.090 
10 560 
15.325 
23 320 
35.152 
54 200 
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Discussions on Paper No. B. 

Mr. W. A. Radice (Author) : I" introducing my paper on Franki 
pile bridge foundations I have nothing to say about the paper itself, but I 
think I should explain to the Congress that I am personally interested in 
the commercial exploitation of Franki Piles in India. I must apologise for 
presenting a paper in the circumstances and I trust my apoIog>' will be 
accepted in \ie\v of the technical interest this novel sv'stcm of construction 
ma\ arouse. 

My doiihts as to the correctne^^s of the course I have decided to take 
uere dispelled In the fict that my professional instinct as an engineer over- 
came my scruples as a commercial engineer and I am glad to sec that jour 
Committee appointed to scrutinise papers has'C apparently taken the same 
\icw by accepting this paper for reading. 

Mr. D. S. Desai, B F , of Messrs. Braithrs-aite & Co., Calcutta, has 
communicated to me In post, certain comments on my paper and these 
are as follows : — 

•‘A scrj- interesting p.iper describing an important phase of founda- 
tion engineering, nhich is not usually found in technical literature 
publnhcd in India is presented by Mr. U*. A Radice. 

The author has clearK put forward bis reasonings and arguments 
alxiul Franki piles from his study of important piling jobs abroad. 

After reading the paper. bou'CSTr. the UTiter has an impression that 
the fixing of sue of the pile and Hsbearing capacity are still a matter of rough 
appioxtmation. If the foundation stands safe without sinkage, as it should 
do, It is the c% idencc of good judgment of the designer and the contractor 
Nsho carries out the NNork ; but if bs chance it sinks, lilts, settles or gives 
ua\ various cau$*s of failure are put forward such as unknou-n conditions 
due to the variation ol soil bel<jw and the like When the real cause of 
failure is investigated it is not usualK given pubheitv just for the sake of 
the prestige of the builder. Recently in this counirj- there were quite a 
few number of failures of bridges, but the engineering public was not aware 
whether the real causes of failures were properly looked into, investigated 
and published in technical papen. More literature along this line, i.c., 
pointing out causes m which current practice is faulty, will be verj* help- 
ful. The writer shall be plea«ed if Mr. Radice from his vast experience in 
the design and the conitruction of bridges, can site examples of difficulties 
encountered or failures, if anv, m the construction of foundation in Franki 
piles It IS the accumulation of such facts v>hich gives an engineer a 
liickgtound ofcxperiencc leading to safer cotisuuciion liccause concrete 
examples arc readily remembered and studied than the abstract rules and 
formiilx, l)ecau«c the joung engineers, by reading of such examples can 
more quickly g.-uher from the experience of others the knowledge of what 
to avoid and w hat limitations must be kept in mind, to insure safe and 
»ound construction. 

Tlie author lias given numerical example for carrving capacity of 
the Franki piles and abo test loads with respeaive stnkage for direct com- 
pression. and comparison has been drawn between theoretical and experi- 
nienial load*. It appears to the v\riter that one of the mo«t important 
fictors. namelv time and duration of testing are neglected. If the tests 
mentioned in the paper are carried out with loads resting on the piles for 
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in tbc soils subsequent to the test loads. Also, it is not quite clear whether 
the pile under test will carry the same load under repeated application of 
load over a long period and what will be the settlement ? 

It seems to the writer that question regarding safe working load can 
be considered controversial, because few engineers will agree with the 
suggestion of Mr Radice regarding the safe working load in the example, 
as the factor of safety will be less than two. 

It seems that the author has not given any importance to the correct 
spacing of Franki piles. The writer will be pleased to know what the 
appro.ximaiely correct spacing for Franki piles is ; as the cast-in-situ con- 
crete piles driven very closely arc likely to cause distortion, or crack, 
injuring the partly set concrete pile nearby. Also it is probable that unset 
conciete may be permanently injured by the vibration and additional 
earth pressure set up during the driving of the adjoining pile. There is also 
another possibility of cement lieing washed away if the pile is driven in 
water bearing strata. 

If the underlying strata is not soft there ivill be a great difficulty in 
driving the piles through the inlermedlatc strata ; if by chance few feet 
of hard strata overlying the soft and unstable strata is met with, the shape 
of the pile is likely to he irregular and consequently the cross-sectional 
area of the pile may be reduced. 

Another important point which is not fully explained is regarding 
the supporting power of friction piles in group. It is true that the 
supporting power of group of piles is not equal to the bearing power of an 
isolated pile multiplied by number of piles in a group. The writer will be 
obliged if the author would give a rational formula for this, as such 
formula usually is not given in ordinary text-books on bridge design. 

The information regarding the cost of Franki pile (say, of 24 inch 
diameter) per foot run in ill be of great value. Besides this, it will be of 
great help in comparing the cost of Franki piles witli many other systems 
of piles already used for foundations, such as scrcwcrcie. screw piles, etc.” 

Mr. W. L. Murrel (Bihar): Mr. Radices paper a tonic for 
engineers is’ho are keen on cutting costs and time. As regards time, 
hoNV often arc our sanctions, allotments and contracts dcJ.i>ed, so that 
the working season is well advanced before the contractor can yet make 
a start ! 

If Nve could, then, only reduce to weeks the months that are usually 
required for foundation ivork, what a boon the Franki pile would prove. 

Though I have never seen any of these piles used on work, I am con- 
vinced of the general soundness and practicability of the procedure 
in\olvcd in their use. 

There appear to be limitations, however, and I submit these for 
discussion. 

The author gives alternative methods for carrying on the work 
beiuecn scour and surface levels, viz., upwards in open foundations from 
the lop of the Franki piles or downw.ards through the bottom of wells. 

The practical difficulty here seems to he to determine what is scour 
level. Take the case, for instance, of the road bridge which is to be con- 
structed over the Amanal River in the Palamau District. Wash borings 
shoNv a depth of 5^ to GO feet of sand overlying sandstone. Formula: for 
theoretical scour depth would probably indicate a possible depth of 
scour ofC.’* to SO feet. 

The fact that scour .*ictuall>’ goes much deeper is indicated by tfic 
l)ehaviour of piers on the Railway bridge a furlong downstream- Th«c 
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Under these conditions, it. is suggested that conciete piles would add 
to the weight of the building they were meant to support and, if the 
vertical accelerations did not cause them to break away from tlieir super- 
structure, the piles would drag their superstructure down belo^v normal 
ground level with them. 

On the other hand, the steel and iron screw pile is simple to deal 
with. After the earthquake, all the piles were found, and the majority of 
them were unscrewed, straightened, and used again. 

To just what extent this matter refers to our neighbours in Bengal 
and the United Provinces, is not for me to say. But if any of them 
would like to pursue the matter further, their attention is invited to 
the'journal Indian Engineering for the 9lh June, 1934 

' Mr. Gi Wilson (Calcutta): lam prompted to rise and discuss 
Mr. ^dice’s paper mainly on account of Mr. Murrell's comments in 
connection with the behaviour of piles in clay. Mr. Murrell lefers to 
a recent paper by Mr, M A. Ravenor in the Proceedings of the Institu- 
tion of Civil Engineers on “ The Laws of a Mass of Clay under Pressure.’’ 
Mr. Ravenor’s paper is based mainly on the results of a few carefully 
conducted experiments in British Guiana But I feel it necessary to 
warn engineers from attaching too much importance to the conclusions 
expressed in the paper. The author produces an empirical formula which 
is dimensionally incorrect connecting the sixth root of the settlement with 
the unit bearing pressure on the foundation and gives as the proof of 
his formula the fact that this relation plots reasonably well as a straight 
line : it was pointed out in the discussion chat it is a geometrical 
law, valid for any curve with a variable radius of curvature that the 
difference between the nth root curve and a straight line decreases 
with increasing values of 4 . Further, Mr. Ravenor’s equation takes no 
account of time, an essential element in the settlement of clay strata. 

The engineer who is interested in the settlement of structures built 
on clay should turn ratlier to the work of Professor Ter^aghi. In works 
published over twelve years ago Professor Terzaghi demonstrated that the 
amount of settlement at various future times could be predicted witii 
icasonable accuracy. The truth of Professor Terzaghi's theories, which arc 
mathematically derived from elementary principles, has been proved by 
many obscrx’ations oi\ actual structures all over the world. 

The action of piles on clay depends on the nature of the pile and 
on the nature of the clay. I am not referring to piles driven through 
clay on to a firm sand stratum, which is the ideal case, but to piles 
the whole length of which is within a clay stratum. 

If the clay and the pile arc such that the action of driving the 
pile docs not transform the clay round the pile into plastic state, then 
the conclusion drawn by Mr. Murrell is correct. There will be a bulb 
below the end of the pile which will materially assist the skin friction 
on the pile in supporting the load. 

If, however, the -clay around the pile is made plastic, or “ remould- 
ed " during the driving of the pile, the state of affairs is quite difTcrent. 
The whole structure of the clay mass is disturbed, as may easily be 
visualized by considering the well-known fact that a sculptor or potter 
can soften clay, svithout addition of water, by moulding it in his hands. 
The consequence is that the svholc stratum of clay within the piled 
area rcconsolidatcs itself under the influence of its own weight with 
consequent settlement which drags the piles down with tlic str.atum. 
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In such a case Franki piles driven by the method of boring whirli 
have already been used m England and elsewhere or screw piles aic 
more likely to be suitable than percussion piles as they cause less 
disturbance. 

Recently a large number of screw piles wcie put down by my firm 
in clay for a heavy building foundation and every pile was subjected to 
a test load 50 per cent greater than the working load. The results were 
remarkably uniform, except m the case of one pile, which had twice 
to be extracted from a considerable depth and redriven ; in the case of 
this pile the settlement was 50 pet cent greater than that of any other 
and two and a half limes the average, which illustrates well the effect of 
remoulding the clay around this particular pile. 

Nawab Ahsan Yar Jung Bahadur (Chairman) : Mr. Radicc has 
just given us a very interesting description about Franki piles. The 
great advantage seems to be, that as unset concrete is forced through, 
the base formed IS of greater dimensions than the shaft and this gives a 
greater safe working load per pile. Doubts may be expressed with 
regard to the effect of continuous ramming on unset concrete. But, the 
author has assured us, as a result of extensive tests, that, if anything, 
the concrete produced is better. 

There arc, however, a few questions that I would like to ask Mr. 
Radice for enlightening us from his wide experience in this field. 

1. Reinforced concrete piles as compared to steel are superior for 
the part above water. But some engineers believe that their use under 
water and below ground is prejudiced by being liable to deterioration. 
The iilc of steel piles is said to vary between CO and 1 50 years accord- 
ing to the quality of steel and the sections used. 1 would like to know 
whether Mr Radice had any opportunity of examining this aspect of 
Franki piles. 

2. Usually bU feet and u weight of u tons is the ma.\imum fur a 
normal reinforced concrete pre'east pile on account of the difficulty of 
transport and pitching. With the introduction of unset concrete, these 
difficulties are greatly eliminated. What -then is the maximum length 
to which Franki piles can be driven and probable stresses in the concrete 
at that height ^ 

:}. ^Vhat is the comparative cost between Franki piles and steel 
bearing piles for conditions prevalent in India? 

4. In determining (he bearing power of piles Mr. Radice has set 
aside the dynamic formulae as determined by a scries of test loadings, 
lie therefore recommends the use of static formulae of the type given 
in equation 3 on page 4 (A) of the Paper. 

The first part relates to the bearing power of the base. 

(A) Is the value as determined Ibr surface conditions going to 
remain the same, no matter at what depth the particular strata is 
mcts'ith? 

(B) If, for instance, only sand is being met with, then the bearing 
power of soil will goon increasing. Is it not advisable to fix a higher 
limit for the bearing power of any particular strata ? 

Tlic second part relates to the frictional resistance of the sides. 
The question arises as to what should be the value of the cocfficicnl 
of friction when a particular strata is met with at a certain depth. 

Tlicsc arc some of the many indetennlnate factors that induce many 
writers in this rcsjvect to adopt empirical ibnnulac based on the dyn.amic 
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principle. I shall be obliged if Mr. Radicc can point out some mciliod 
of determining the above values. 

Tlic next question that arises is tli.vl of taper, riom one of the 
photographs given itt the paper, I see that the taper is formed towards 
the b.asc. This is likely to give a greater bearing power to the piles. 
Mr. Radicc has not taken ihts factor into account and I presume he has 
left it over .IS a further factor of s.tfeiy. When many other f.vciors have 
been included, it will be just .»s well to ittclude the elfcct of taper if it 
is determinate. 

In conclusion, I must thank the author for the valuable information 
given to the Ro.vd Congress on a subject whiclt is increasingly getting 
popular due to the economy, convenience and speed with which a work 
can usually be completed, with the help of piles when foundation dilli- 
cultics arc expciicnccd. 

Mr. \\\ A. Radicc (Author) : I am cxircmclv grateful to those 
dclcg;vtcs who h.ivc i.aken jvirt in the dt^cu$siou for bringing forward 
imvny interesting points, since this gives me an opjwrlunity of supplying 
vvni with additional information on points of imporiance. 

Mr. Desai, and other s|>e.ikcrs also, Imc pointed out quite rightly, 
that the determination of the length and bearing |>owcr of a pile is not 
capable of c.\act dctctmination. Tins is an uncertainty which is sh.aretl 
by all tvqves of piles: f.nling actual loadings of test piles, the fornmla: 
givrn in the paper permit of arriving at approximate results if an accu- 
rate knowledge of the various strata to be traversed is available through 
reliable borings but, as slated in the paper, a good deal depends on the 
skill and experience of the designer amt the values he attaches to the 
various terms in the formul.e 

In this respect Franki piles h.ivc an ovcn\hc!ming advantage over 
other tvivcs ol piles if the borings reveal the prcjence. at rcasomiblc 
dcptii. of good resisting strat.\ such as rock, gravel, boulders. s.md. con- 
fined quicksand, hard clay. etc. Since the cnl.irg^ 1).isc of a Franki pile, 
if formed on such a stratum. givcN a definite fiearimj v“ahic. not dejx-n- 
dent on uncertain factors like . friction but on v>cU esiablidicd values, 
such as are u'«l for u}jen found.nions. incrc.a.'evi bv the added bearing 
\ a\uc due to live drplli at v>biclv the go^xl soil is foviud. 

Vcrsonallv. I would never carrv* out an imi>oilani conslniction on a 
pile i\nmd.ttion unless proper lo.iding tests h.tvc been carried out on test 
piles previously driven, unlcvs the conditions of the preceding paragraph 
have been fuirilleil. ! m-iy add th.it with Franki piles, the exploiters 
.ictually do, in their ordin.arv' practice, gu.vranicc that ,iny Franki pile 
cho«cn at random and tested with a tot load X) jKr cent in excess of the 
VNorking hud recommended by them will not deflect more than a stated 
m.aximum. usually 1/4 to .“''lOofan inch, if they have been givxn oppor- 
tunities of thoroughlv .asccrt.'iimng the nature of the subsoil. 

Mr. Desai desires me to cite di^icul^ie^ or failures of Franki pile 
Ibumlations. I regret that I c.innot do so for the simple re.vson ih.at there 
h.vvc been none. Some ve.ars ago, a large building in Shanghai, b.iscil 
on Franki piles, s,\nk considerably in the oursc of 1 or \ears. It s.ank 
bkidily nun practically evenly, ITic rc.awn for this is that ihr area in 
v\ hirh the building was crrcinl consists of stili mud to verv great depths. 
Such material is totally unsuitable for am i\{>e of piletl foundation, as 
the piles h.vve nothing to grip or rest on. they merely add weight to the 
itrviciure to be carrictl. Hie diiricultv w.is conseciuentlv nof due to the 
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piles but to the fact that piles were used at all. The proper foundation 
in such a soil is, of course, a caisson raft. 

The next point I have noted is a reference to the time and duration 
ol loading tests. This is a most important point. No reference to this 
factor was made in the paper as its purpose was to describe the appli- 
cations and qualities of the Franki system and not to present a general 
treatise on the mechanics ol soils, a s'cry large subject The reference 
gives me the opportunity of explaining that in all the te.sts of Franki piles 
I have carried out, in many cases imposing loads up to 3110 and 350 tons 
on one pile, the load has been applied in steps of about 2.5 to 30 tons at 
a time. Aher each increment of load the pile has been carefully watched 
and no further increment of load has been added until the pile had come 
to a standstill and remained immobile for a period of at least 48 hours 
After this period, a further increment was added and the process repeated. 

From tlie figures of tests given in the paper Mr. Desai has come to the 
conclusion that the safety factor is less ihant two. This conclusion is 
erroneous and the mistake is due to a confusion between the term “ criti- 
cal safe load” used in the paper and the ultimate failure load. I am 
glad of this opportunity to enlarge on this point. 

I have inmected several hundreds of graphs giving the results of test 
loadings on Franki piles. In every instance, where the base is not on 
rock or similar unyielding stratum, the characteristics of these graphs are 
similar. As the test load is increased gradually, the vertical deflection 
first increases proportionately to the load increment, the load deflection 
graph being a straight line. At a given point, generally when the test 
load has reached 120 to 180 tons, the vertical deflection begins to increase 
more rapidly than the load increment, giving a curved graph, the curva- 
ture of which increases until failure occurs when the pile no longer comes 
to rest after each load increment but sinks steadily under the maximum 
constant load. In my experience this final failure has ncN'cr been 
reached in a Franki pile tested in a soil suitable for piles, since the load 
required for failure of tlic pile by sinkage is considerably larger than 
the shaft of the pile can carry as a concrete column. 

It will be clear that the “critical safe load *’ mentioned in the paper, 
i.e., the load where the vertical deflection begins to increase more rapidly 
ihanthe load is \cry far from the point of failure, the latter being generally 
from 4 to U times as great. Speaking in terms of an elastic material 
like steel the " critical safe load ” can be compared to the yield point and 
just as it is perfectly safe to stress steel nearly up to its yield point without 
overstressing or damaging it, so, in a Franki pile it is safe to use a maxi- 
mum working load of 75 to 85 per cent of the *' critical safe load.” In the 
examples gi\en the safety factor is not le^s than two, as assumed by my 
critic, but rather more like G to 8. 

The next point raised is the correct minimum spacing of Franki piles 
in groups of piles Fears have been expressed that with “ cast in situ ” 
piles clo'c driving may injure piles already driven clo<e by. Tliis is 
a most relevant jroint. 

Quite recently I have had to dris-c some 1,000 FranU piles all closely 
grouped, to carr^' he.ivy load concentrations ; some of the groups covering 
areas like 10 by GO fret. 

1 myscU entertained doubts, before the work was commenced, and I 
referred the matter to the originators of the system in Belgium. I 
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received their assurance that as the result of their worldwide experience 
of over twenty years there was nothing to fear if the piles were driven in 
succession of cross rows beginning from one end of the group. The reason 
for this is that the driving of the first cross row of a group compresses 
highly the soil round the piles, so that, when the second cross row 
is driven, the open side is much less resisting and any tendency for the soil 
to move is exerted in the direction away from the piles already driven. 
These instructions were followed carefully and after the piles had 
set several were denuded .showing perfect results. The Franki pile being 
of considerable diameter (21 to 24 inches), the minimum spacing of piles 
in a group should not be appreciably less than 5 feet centres of piles. It 
should be noted that at this spacing the bearing value of the area below 
the capping slab has been developed up to over 4 tons per square foot, 
\vhich can be increased tn any required figure above the capping slab by 
designing such slab suitably. As this intensity of bearing is about four 
times as great as that possible with any other system of piling, it follows 
that the cost of capping slabs under heavy point loads over a group 
of piles is reduced to about 1/1 ifFranki piles are used. 

Reference has also been made to the possibility of the cement being 
washed away if piles are driven in water bearing strata. This is a danger 
to which all cast in situ piles arc exposed but from which the Franki pile 
is entirely exempt, by the means adopted in forming the shaft of a Franki 
pile. 

\Vhen the enlarged base of a Franki pile has been completed, 
the bottom of the tube is resfingon a highly comp.icted mass of concrete, 
part of which is stilt in the tube, forming an impermeable compressed 
plug. More concrete is now dropped inside the tube and if the ground is 
w'aterlogged, this concrete is well rammed whilst the tube is raised some 
4 or f) inches only. It is clear that the 4 or 5 inches of concrete column 
previously inside the tube and now exposed by lifting the tube is under 
pressure due to the ramming and is at once squeezed outwards hard 
against the surrounding soil under great pressure. This pressure not only 
prevents water attacking the concrete but also compresses the surrounding 
soil squeezing out the ivatcr in it and closing any cracks or fissures 
through which water might percolate and wash out the cement. It is this 
%cry ibaturc of the process w’hicli makes the Franki system so extremely 
reliable. 

For the same reason, fear of distortion of the column of concrete in 
hard strata overlying softer strata can be dismissed entirely. The tube 
rc.ichcs the depth at which the enlarged base is to be formed by being 
dragged down by the blows of ibe monkey falling on the highly compressed 
plug of concrete which efiTcciivcly closes its lower extremity. Thus 
nil strata, hard or soft, arc first penetrated by a rigid tube which is empty 
and can be inspected from above by means of a mirror before the pile is 
made. 

As regards his request for a rational formula for calculating the 
resist.xncc of Franki piles driven in groups, I would refer Mr. Desai to the 
l.ist three paragraphs on page (6) of the paper and to formula No. r» on 
page C (b) where his requirements arc fully dealt with. 

Mr. Murrell refers to ilir difiiculty of determining what is scour 
lr\-cl. This is a difficulty which is not inherent to Franki pile bridge 
foundations and one that must be faced by the designers ol any type 
of bridge foundations. 
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Under the heading “ Lateral Forces and Scour” in my paper I have 
expressed some degree of trepidation regarding attempts to estimate scour 
depths and my difliculties in attempting to use existing formula:. 

In the case mentioned by Mr. Murrell of the Amanat Fiver 
in the Palamau District, having 60 feet of sand overlying sandstone, there 
are indications from the behaviour of the piers of a railway bridge across 
the river, that scour can extend right down to bed rock level. Yet 
Mr. Murrell states that formulie lor theoretical scour depth indicate 
a scour of 2o to 30 feet. I do not know what formula Mr. Murrell 
has used, but if the results he gives arc correct, all I can say that 
the formulx used are either not reliable or liave been misapplied. Most 
of the formulx for scour known to me refer to channels in erodiblc 
materials of unlimited width and depth. In the case described I should 
say the question could only be solved by accurate data of maxima flood 
levels, discharges and size of channel and whether the banks are easily 
friable or not. Lacking these, the only safe assumption is that scour will 
extend to the maximum depth at which water borne materials such as 
sand, pebbles, etc., arc to be found. 

Piles must depend on the surrounding soil for stability and if, in the 
case mentioned, scour can extend down to the rock bed piles are 
obviously out of place there and well foundations, properly bedded some 
5 to 10 feet in the rock by compressed air, is the proper type of 
construction to adopt. 

Mr. Wilson has already dealt with Mr. Murrell’s remarks regarding 
the bearing power of Franki piles in clay. 1 agree with Mr. Wilson in 
considering that Mr. Ravenor’s results new confirmation. In clay I am 
convinced that any method used likely to squeeze the contained water out 
of the clay will expose foundations m that clay to gradual settlement over 
a period of years. For this reason I would not drive ihc Franki tube in 
clay, but sink it by perforation— a method that has been adopted 
successfully in several cases 

There remains, 1 think, only Mr. Murrell’s last point regarding 
earthquakes for me to deal with. .\Ir. Murrell spoke of vertical 
accelerations of 10 to 11 feet per s.ccond per second. Such accelerations 
would not only totally destroy any structure built by human hands but 
would change the geography of the region, bring down hillsides, divert 
streams, cic., as 1 have seen in Assam. 

Mr. Murrell’s suggestion is that if iron screw piles were used, aficr^ 
the destruction of a bridge, these could be salvaged aitcr the disaster and 

used — *'■“ * • ’ ‘ 

abou 

th.u 

liinc’ 

cconuiiiicaiiy ueiter nun me franki pile [touchier J). 

Mr. M. S. Duraiswatny Ayyangar (Travancorc) : Arc these Franki 
piles suitable for uniformly soft clay soib? 

Mr. W. A. Radice (Calcutta) ; No ! 

Mr- Jagadish Prasad (Secretary): I projwsc a vote of thanks 
to Nawab .\lisan Yar Jung Bahadur (a(clamatiuit !). 



Paper D. 

Rai Bahadur S N. Bhaduri (Chairman) : 

I would call upon Mr. DUdar Hussain to miiodiuc his Paper on 
“ Reinforced Concrete Bridge across the Godavari River at Sliahgadli in 
Hyderabad State.” 

The following paper was then tahen as read . — 
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Adopting tlib discharge, the highest flood level worked out to R. L 
+ 1397'00. This level has been kept at about half the rise of the arch, the 
springing level being R. L. + 1393 75. While the bridge was under 
construction, the river was in flood and it was observed that the flood level 
wos R. L. -f 1303 00, i.e., one foot higher than the level obtained from 
local enquiry. The uncertainty of local information, therefore, justified 
the caution in fixing the springing level at + 1393'75. 

Desciiplion of the Bridge . — Although the region in which the bridge is 
built is one of trap formation, yet good building material could not be had 
111 sufficient quantity in the dose neighbourhood. Stone for archwork is 
not available anywhere witliin a radius of eles'cn miles. Hence considering 
the cost involved in paying e.xpensivc lead for stone, and the long time that 
ivould be required for completing the work, it was decided to have a rein- 
forced concrete bridge. Competitive designs were therefore invited and 
that of Messrs. The Hindustan Construction Co Ltd., was approved. This 
firm was also responsible for (he construction. 

The bridge consists of seventeenipans of sLxty feet each. The decking 
comprises of a reinforced concrete slab inches thick and 18 feet 
wide between the wheel guards, carried in transverse direction over rein- 
forced beams, which rest on reinforced cement concrete longitudinal 
girders and overhang by two feet two inches to give the necessary road 
width. The main longitudinal girders arc designed as continuous beams 
supported on two reinforced cement concrete trestles, with overhanging 
cantilevers on cither side, cacli making half the span, The trestles are 
composed of two reinforced cement concrete circular columns -1 feet and 
4 feet 8 inches in diameter, according to the helgiit, and are inclined 
at a slope of one in twelve in order to increase tlie stability against the 
lateral wind pressure ; and are joined together with three reinforced 
cement concrete braces spaced 12 feet 9 inches apart. The distance between 
the columns at springing level is 13 feet 9 inches centre to centre. 
The reinfoiced cement concrete footings of these columns are 7 feet and 
8 feet octagonals for different heights ot the trestles. 

Thus it will be seen that each unit consists of a central span and two 
end cantilevers each making half the span, resting on two pairs of 
ttestles. Between each unit a space of one inch has been left to serve as an 
e.xpansion joint. The advantage claimed in this design is that in case any 
unforseen damage occurs to any one of the units, the same need not be 
transmitted to the adjacent units, which aie separate from one another. 

The parapet wall is of reinfoiced concrete and is 4 inches thick and 
3 feet 9 inches in height above the road level, and is protected with a 
reinforced concrete kerb. 

The roadway is finished with a wearing surface consisting of three 
inches of cement concrete in the proportion of 1 : 2 : 4 and with expansion 
joints 32 feet apart. 

The bridge lias no longitudinal camber. Cross drains, each 4 inches 
by 3 inches in section, 21 feet apart have been provided on either side of 
the road slab to drain tlic road surface. 

The bridge spans the river at right angles to its axis of flow. The 
high approacli banks arc protected by means of reinforced cement 
concrete guard stones, each 6 inches by 6 inches by 4 feet, fixed in concrete 
bed at 4 feet centres. 
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Loading . — As per conditions specified for the design, tJic bridge is 
designed to carry a live load of IS-ton steam road roller which in working 
trim is taken as 10*25 tons. In addition to this a super load of 100 pounds 
per square foot is taken into account. No specific provision has been 
made for impact as a liberal margin has been provided by adopting loiv- 
working stresses, namely GOO pounds per square inch for concrete in 
compression, and 1G,00U jjounds per square inch for steel in tension, 
against 750 pounds for concrete in compression and 18,000 pounds per 
square inch for steel in tension as per recent practice. 

Foundations . — Borings taken at the site of the crossing with G. O 
Calyx Drill, showed that hard rock existed at depths varying from G feet 
to 25 feet. 

Coffer dam islands were constructed and excavation of the foundation 
\.'as carried out with the help of ordinary plank shoring. The planks were 
driven into the soil by means of heavy hammers. The pits being fully 
excavated a wall of gunny bags filled with earth was built parallel to the 
shoring, leaving a drain 1 foot wide in between, to carry the percolation 
water into a sump at one end of the pit, whence it was pumped out. This 
gave a fairly dry foundation trench which enabled concreting to be canied 
out without difficulty. 

Due to the sandy nature of the river-bed, pci eolation w.a5 fairly heavy 
As many as nine centrifugal pumps, detailed in the statement below, h.td 
to be employed to work continuously, three pumps working per shi»t of 
eight hours. 



Make. 

B. H. P 

Size of delivery. 

1. 

G. G. Ogle s Si, Sons Ltd. 

9/10 

0 inches 

0 

Shanks Si Sons Ltd 

9/10 

<J ,, 

3. 

8/9 

4 >, 

1. 

,, 

89 

1 „ 

.’) 

„ 

10/11 

G i> 

(k 

Crossly Brothcis. 

10/11 

(> „ 

7. 

11/12 

0 ,, 

8, 

„ 

ll'J2 

0 » 

9. 

„ 

11,12 

0 ,, 

To sc.at the trestles on s-ifc fuundat 

I'tn, the 

einfoiced crmeni concrete 


fuTlings h.avp been t.^kcii down to h.ird rock, winch is chiselled to a depth 
of «> inclici In Older to lurther stieiigtlicii the /ouiid.ittntw oi trcst/cs and 
(0 guaid .w;ainjt aii> percolation of water through unnoriced fissures, the 
two I cuiforced cement concrete column footings of c.ich trestle are enc.ised 
wilh a. sionc masonry wall of 3 feet thick and o feet high, and the open 
spare between them and the strengthening ring is cither filled with mass 
concrete or stone masonry. 

MaUnals of ConshucUon AgetegaU.— The shingle from the ri\er-bed b.as 
been yseil as the aggreg.itc. It weighed ‘JJl pounds per cubic foot .and 
com.aincd 52 per cent voids Its grading w'as as follows — 

Retained on 1 inch sle\*c 1*80 per cent 

,1 2 inch sieve Gi) 9 ,, 

». Jinchsievc lOOo ,, 

— Tlic river s.ind was found to conlain a certain amount of 
.org.inIcin.ilter It w.is ihoroughlv washed before lieing used. It weighed 
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112J pounds per cubic foot and contained 30 per cent, voids. Its grading 
\vas as follows :t— 


Retained on 4-mesh sieve. 

2’0.’» per cent 

.. s 

lO'O.T 

„ 10 

HTSO „ 

» 30 

C3-‘.K) 

j. uO „ 

05-70 

„ 100 

00-.30 „ 


Cement . — The Char Mmar brand Shahabad Cement was used in the 
construction. The supply used to be obtained by rail as far as Jalna, a 
station on the Hjdcrabad-Manmad line of the Stale Railway, whence it 
^vas conveyed by means of bullock-carts and lorries to the site of work. 

Steel. — Tata’s tested mild steel bars were used in the \vork. 

WateT'Cement Rath . — The strength of concrete greatly depends upon its 
water-cement ratio. Any extra percentage of u-atcr besides just the 
quantity required to produce the necessary fluidity in the concrete to 
permit it to flow through and under the reinforcement bais, evidently 
makes it weaker. Similarly too Htilc water is equally or even more harm- 
ful than too much of w.ater, in as much as it will not be sufficient to 
hjdrate the cement and the concrete so produced is bound to be porous 
and weak. 

Experience has shown that the weight of water required to give a good 
working mix, when tlic s.and and ballast arc dry and non-absorbent 
materials, is to take 28 per cent by weight of the cement and add 4 per- 
cent by weight of the sand and ballast. 

Keeping this criterion In view and using the above-mentioned 
materials in conrete with a proportion of I : 2 : 4, it was found that nearly 
6'6 gallons of water were required per bag of cement. As sand and 
ballast were washed and used in wet condition, actually 5 gallons of water 
per bag of cement were found to be quite adequate. 

Centrings . — -The steel centrings for the deck \\orkin particular, presents 
an unusual feature in design. It consisted of four N-girders built up 
of channel iron, each 1 90 feet long spanning over three vents of the biidgc. 
TJie N-girders were placed, one on cither sides of each of the longitudinal 
main girders which were cast in situ, and the plates were bolted to them 
to form a box-like structure. After placing the leinforcement bars in 
position, the main and cross girders were laid all in one day, the quantity 
of handled concrete being 2,700 cubic feet. After a period of four weeks 
the plates were struck ofT, the N-girders were lifted and placed over ball- 
bearing rollers, and pulled forward to the next position. This arrangement 
facllitaed the work to be pushed through even during the monsoon when 
the river was in flood. 

Period of Work . — The work was commenced on 2Gth November, lOHl, 
and completed on Gth January, 1931, that is to say within a 
period of about two 5 cars and two months. The total cost of the bridge 
including the approaches was Rs. 7,61,230 in the State currency. This is 
equivalent to Rs. 6,52,255 approximately in Biiiish Indian currency. This 
gives a rate of Rs. 567 per running foot of roadway, about Rs. 31 per 
square foot of roadway, and Rs. 15 per square foot of opening and Rs. 10 
per square foot of the elevation area, ie., from road level to the average 
loundation level. 
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Conclusion.— The bridge was designed and constructed by the Hindu- 
stan Construction Co. Ltd., Bombay. Messrs. B. P. K.ap.adia, B E A.M.IX , 
and K. C. Wadia, A.M.I.C.E., were thcfirms’ engineers. On beiialf ol the 
Public Works Department of the State, under %vhose direction and control 
the design was examined, approved and carried out, the names ol the 
following officers deserve mention : — 

1. Nawab AH Nawaz Jung Bahadur, F.C.H., Chief Engineer and 
Secretary to Government, P. W. D. 

2. Mr. Hasan Latif, C.E. (London), Superintending Engineer, 
Auiangabad Circle. 

3. Mr. AzmatuUa, M.A., B.Sc. (Edin,), Executive Engineer, 
P. W. D., Aurangabad. 

4. Mr. D. V. Rao, B.Sc. (London) A.M.I.E., Assistant Engineer in 
direct charge. 

Although the writer had visited this work during the course of its 
construction, yet the present article is based on the information that was 
available in the records of the Executive Engineer’s office, Aurangabad, and 
the Assistant Engineer’s office at Jalna. In drawing up tltis paper I have 
to acknowledge the information placed at my disposal by Mr. D. V. Rao, 
B.Sc. (London), A M I.E , Special Officer, Well-Sinking Department, 
Hyderabad State, then Assistant Engineer in charge of the work, and Mr. 
Safdar AH SharifT, B E. (Osmania), Supervisor, P W D. 
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APPENDIX. 

reinforced cement concrete bridge 
ACROSS the GODAVERI AT SHAHAGAD. 

{H. E. H. The Nizam’s Dominions). 

Design of the SurERSTRUcxORE 

A. The Square Slab. 

1. Efiective dimensions of slab 12 fcet by 12 feet 

2. Taking a central live load of 9‘76 tons, equivalent dead load is— 

0 75 X 2 X 2,240 pounds=43,6S0 pounds 

Load per square foot = ■ = 303 pounds 

Weight of 7Fincli concrete at 130 pounds per foot = 94 pounds 
‘''•*'ght of Asphalt = 22 pounds 


4. Percentage of reinforcement 


^ XO 675 


Total load per square foot 419 pounds 
id carried in each direction = ™ = 210 pounds per square foot 
3 The slab is continuous 

Therefore maximum bending moment =210 X 12'=3D,240 inch'pounds 

Taking an average cncciive depth of 6J inches 

Momftnt of resistance = G 3^ X 1 140 = 48,200 inch*pounds 

30 2 
" 48 2' 

= 0-423 

Area of steel per foot width = 0-423 X 12 X 6*5 square 

inches 

= 0'33 square inch 

Use J-inch diameter rods at 7-inch centres giving 0 34 square inch 
Cioss 

1. Encclivc Span =» 13 feet 9 inches. 

2. Dead load from slab and asphalt = ^ x IlC pounds 

= 10,000 pounds. 

lBxl2xlli5 . 

— ~Y44 ’■ — .X 150 pounds 

= 2,000 pounds 

Total load = 12,000 pounds 


Dead load of Cross Girder =» 


3 Moment due to dead load 

\ 


^-^by 12, COO by 1.3-75 by 12 inch- 
pounds 

»* 2,Ct>,lXK) inch-pounds. 
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APPENDIX. 

REINFORCED CEMENT CONCRETE BRIDGE 
ACROSS THE GODAVERI AT SHAHAGAD. 

(H, E. H. The Nizam’s Dominions). 

Design of the SurERSTRUcix'RE. 

The Square Slab. 

1. EfTccthedimcnsions of slab 12 feet by 12 feet 

2. Taking a central live load of 2*75 Ions, equivalent dead load is— 

9 75x 2x 2,240 pounds =!43,6S0 pounds 

ad per square foot = ■ = 303 pounds 

:ighl of 7|*inch concrete at 150 pounds per foot = 94 pounds 
right of /ksphalt *= 22 pounds 

Total load per square foot 
410 


ad carried in each direction = 


419 pounds 
210 pounds per square foot 


.3. The slab is continuous 

Therefore maxirautn bending moment =5210 x I2'«.3;,210 inch'pounds 

Taking an average cfleclivc depth of 6| inches 

Moment of rcsIstance»G 5*x U40 = 4^,200 inch pounds 


4. Percentage of reinforcement 
Area of steel per foot width 


“xO G75 


•182 
« 0 423 

« (N23x rJxO'hHMjmr 

iiu'hrs 

— (I 33 8t|l|.ltC ilK It 

Use 4*inch diameter rods at 7-inch ceotret vtivum O’Jl I iqiuuc tui'li 
Crwj Gnders, 

!• EfTcctive Span «« 13 feet 0 inches. 

l!l'75x 12'!* 

2. Dead load from slab and aspbali .i X llh punnil* 


Dead load of Cross Girder 


-< IlhMIKI pomult, 
jjl X l^'> |uiiin(ls 
t'.nuit prtiiiiih 
'Poiftl Injiil *- lU.tHm |iniitids 


3. Moment due to dead load 


- ‘ by r-V*'«'hy la 7.M.ylUinch- 

. piHindi 
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4. For maximum moment in the beam due to the super load of a 
16-ion roller in working trim, the position of loads will be as follows : — 

s .65 ^1- j.67 — 4. 5-^5 4 


- t3-7S — 


„ 10,900x2 03plus 10,900 x 8-30 

R = " pounds 

M = 8,G63 by 5 45 by 12 inch-pounds = 5,G7,000 inch pounds. 
'J'otal M due to dead and Jive load 

= 2,60,000 plus 567,000 = 8,27,000 inch-pounds 

5. IVilh an arm equal to 21 inches 


= 8,27,000 inch-pounds 


Area of steel required 


827, 000 
' 21 X 16,000 


s= 2 46 square inches 

Use four l-mch diameter rods, giving an area ofO'H square inches 
C Main Girders. 

1. For purposes of design, the span from centre to centre of trestles, 
viz. 64 feet, has been divided into .ten panels, t%vo end-panels of 7 feet each 
and eight intermediate panels ofG feet 3 inches caclu The panel points 
have been named as below : 





2. Dead lujads : 

(i) Uniform dead load per running fool of beam : — 

(1) Top boom 2 feet 3 inches by 10 inches by 150 pounds 

= 281 pounds. 

(2) Uniform slab 3 feet 81 inches by 71 inches by 150 pounds 

= 348 pounds. 

(3) Asphalt 2 feet 7} inches by 22 pounds = 58 pounds. 

(4) Curb 1 foot 1 inch by 0 inches by 130 pounds. 

5= 122 pound s. 

. ^ 800 pounds 

(it) Dead had of parapet on a 6 /ect 3 inches panel r — 

(5) Parapet without pilaster 6 feet 3 inches by 

1'21 square feet by 130 pounds = 1,134 pounds. 

(3a) Pilaster 0 GO square feet by 150 pounds = 104 pounds 
(G) Parapet w’ith pilaster. — 1,238 pounds 

(iVi) Dead load of 2 feet 10 J inches of Parapet 
without pil.tstcr : — 

(7) 2 feet I0| inches by 1'21 square feet 

bv 130 pounds .322 pounds. 
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(ill) Dead load due to square slab — 

(8) Reinforced cement concrete 12 feet 0 inches by 12 feet 0 inches 

by 7J inches by 150 pounds = 15,241 pounds. 

(9) Asphalt 12 feet 9 inches by 12 feet 9 inches by 22 pounds 

= 3,57G pounds. 

18,817 pounds. 

, (p) Dead load due to half cross girders : — 

(10) Between main girders 5 feet 9 inches by 1 foot by 1 foot 

G inches by 150 pounds = 1,294 pounds. 

(11) Cantilever end 2 feet 1 inch by 1*1 square feet by 150 pounds. 

= 312 pounds. 


1,G0G pounds. 

(I’l) Weight of bottom boom per running foot. 

(12) 2 feet 3 inches by 1 foot b inches by 160 pounds = 478 pounds 

(rii) Weight of web per square foot 

(13) 1 foot by 9 inches by 150 pounds. = 112 5 pounds 


3 Panel loads due to dead load. 

Point A. 

(1) to (4) Uniform load 0 feet 3 inches by 809 pounds = 5,030 pounds 

(G) Parapet without pilaster = 1,134 pounds 

(12) Bottom boom 0 feet 3 inches by 478 pounds = 2,088 pounds 

(13) Web 11*45 square feet by 112*5 pounds as 1,288 pounds 


(8), (9) Square slab pounds 

Total dead load at A 


= 2,352 pounds 

= 12,818 pounds 
= 12-8 kips. 


Points D, B'. 

(1) to (4) Uniform load G feet 3 Inches by 809 pounds 
(G) Parapet with pilaster 

(12) Bottom boom G feet 3^ inches by 478 pounds 

(13) Web 13 55 square feet by 112*5 

(8), (9) Square slab 


= 6,05G pounds 
= 1,238 pounds 
= 2,993 pounds 
= 1,524 pounds 

= 2,352 pounds 


Slab on cross girder 


18,8 17 

4 


= 4,704 pounds 


(10), (11) Half cross girder and cantileser a= 1,CUC pounds * 

Web piKister 2 feet 2 inches by 1 foot C inches 

by 150 pounds = 4S8 pounds 

Total dead load at points B, B.‘ = 19,9CC pwunds 

= ^lllUps. 
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Points C, C^. 

(1) to (4) Uniform load G feet 3 inches by 809 poundss 

(5) Parapet without pilaster = 

(19) Bottom boom 6 loot 4^ inches by 478 pounds = 
(13) Web 18‘50 square feet by ll-’o = 

(8), (9) Square slab-^^^ = 

Total dead load at points C, C. = 


Points D, DK 

(1) to (4) Uniform load C feet 3 inches by 809 pounds= 

(6) Parapet with pilaster = 

(12) Bottom boom G /ect oj inches by 478 = 

(13} Web 26*8 square feet by n25pounds = 

(8), (9) Square slab * = 

Slab on cross girder — = 

(10}» (II) Half cross girder and cantilever = 

Web pilaster 4 feet 3i inches by 1 foot G Inches 
by pounds ** 

Total dead load at points D, D'. = 


PointsE, 

(1) to (4) Uniform load 0 feet by 809 pounds = 

(6) Parapet without pilaster C feet by T2l square feet 
by 130 

(12) Bottom boom C feet 4J inches by 478 = 

(13) Web 37 0 square feet by 112'5 pounds = 


(8), (9) Square slab 


18,817^ C feet 


8 feet 3 inches 


Total dead load at points E, E'. 


Points F, F'. 

(1) to (4) Uniform load 2 feet lOJ inches by 809 pounds = 

(7) Parapet without pilaster = 

(12) BoMoin boom 3 led 1 inch by 478 = 

(Ifi) \Veb 22'3 square feet by 112‘3 = 


(8) (9) Square slab 


18 ,817 2 fret 101 inches 

8 ^ ^fect 3 inches 


= y,05G pounds 
: 1,134 pounds 
- 3,047 pounds 
: 2,081 pounds 

2,352 pounds 

1S,G70 pounds 
1 3 7 kips 

5,030 pounds 
1,238 pounds 
3,087 pounds 
3,015 pounds 

2,352 pounds 

4,704 pounds 

l.GOG pounds 

9GC pounds 

22,024 pounds 
22 0 kips 


4,854 pounds 

1,089 pounds 
3,047 pounds 
4,163 pounds 

2,258 pounds 

16,41 1 pounds 
15'4 kips 


2,32G pounds 
322 pounds 
1,474 pounds 
2,509 pounds 

1,032 pounds 
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, 10,011 

Slab on cross girder — g — 

Total dead load at points F, F’. 
4. Beam loads — Dead. 

15 4 22 0 13 7 20 0 12 8 20 0 13 7 

1111111 

1 1 E D <J 8 |A 8' C' 

' 77-5 ^ 


= 2,352 pounds 

= 10,2(55 pounds 
= 10 3 kips 

22 0 154 kips 

1 1 

D' W k'l 

77.5 I kips 


5 .i Beam loads : Super 

{a} Load due to crowd at lUO pounds per square foot 

At points D, C, B, A, B‘, C ami D' G Icet 3 inches by 000 pounds 

= 5’C kips 

At points E. E‘. G feet 71 inches by 0i»0 pounds =0 0 kips 

(4) Load due to a 15-ton roller in working trim 
Distributed as below: — 



With the roller near the curb on one side of ilie road, maximum 
reactions on one main girder due to tlic roller arc given by 

by 5>‘75 tons = 10, 100 pounds or 10 I kips 

and m toiis-= 12,‘HX» pounds or 12‘y kips. 

Wiih the centre ofthe roller at A, the two wheel loads uill be at B. 8.*; 
there will be no crowd load in front of the roller up to llie next panel — 
{xiinl G ; similarly no crowd load fora length of 2 feel 3 indies behind 
the roller from 8‘ towards C*. 



7. CtintiUivr . Dead loads. 


Poinl A. Halfofbeam load at point A= pounds G, 409 pounds 

(10) (11) Half cross girder and cantilever » 1,G00 pounds 

(5a) Parapet pilaster = 104 pounds 

Web I foot 10 inches by 1 foot C inches by 1 foot by 150*= 413 pounds 

Total dead load at A 8,532 pounds 
=:8'5 kips 

Panel loads at B, 0, D and E, are the same as beam dead loads at 
corresponding points. 

The dead loads on the cantilever will be as follows : — 

Bending moment at F s= 16*4 kips by 7*0 feet =107*8 foot kips 


Plus 

23*0 kips by 13*25 feel 

= 291*6 

do. 


13*7 kips by 19*50 feet 

= 207*2 

do. 


20*0 kips by 25*75 feet 

= 5150 

do. 


8*3 kips by 3200 feet 

= 272-0 

do 



1453*5 

do. 



or 1,451 

do. 


8. CanliUver : Crowd load.of 100 pounds per square foot. 

Maximum bending moment due to crowd load = (100 by 0 by 32) by 10 

=4,00,800 foot-pounds 
or 4G1 loot-kips. 

0 CanliUver : Poller tvUh heavier load at end and crowd load. 

The loads will be as fallows : — 

/ , 2 9 O fp-4 ff/pj 

25 ■ ' ' ' ' 
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Crowd load = 17’25 X 900= i5j525 pounds 
Maximum bending moinent= 15,525 by 8G25 =133,000 

plus 12,000 by 10 5 =251,850 

„ 10,400 by 32 0 = 620,800 

1,006,550 foot-pounds 
or 1007 foot-kips 

10. For the calculation of the stresses in the beam, the beam is assumed 
to consist of tsvo framed systems as given below, each system taking half 
the total load on the beam. 

[a) The fuU-lme system (diagonals and verticals indicated by small 
letters). y 



(b) The doited line system (diagonals and verticals inditated by 
capital letters). 



Stresses as produced in cacfi system by half the total loads are calculated 
and added up to give the total stresses in the members. The same method 
n followed in the case of the cantilever. TIic notation in the two systems is 
shown on tlic frame diagrams on sheet No. 1. 

fl. tnltTtnfdiale spans : Siresssis in beam. 

(a) The beam nill iia\e maximum bending moment nith the roller 
at die centre and the c.inlilcscrs without any sujht load. 1 he in.txtmum 
moment in the cantilc\cr due to dead lo.id only is found in paragraph 
' to be 1,1M foot’kips. 

In addition to half total loads on the beam as found in paragraph 6 
e.icli sj^tem will have to bear a bending moment at the support equal to 

half the maximum dead load moment in ihccaniilci cr or = 727 foot- 
kips. With .an ann of 10 feel G inches rqua! to leni-th of the end \ertlcal 
members e.ach force in the cxjuplc will be equal to C',» 2 kips. 
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The forces acting on each system will therefore be as follows (half dead 
loads on beam as shown in paragraph 4) : 

7-7 11-0 G-0 10-0 6-4 100 G-9 ll-O 7-7 kips 

I I I 1 1 I I 1 J 

I 42-1 34-6 I 

1,231 fool-kips 958 fool-kips 

The stresses in the two systems arc found in stress diagram on sheet 
No. 4 and tabulated in sheet No. 6. 

12. Intermediate Spans : Stresses in Beam (Coatd). 

The stresses in the beam members as found in stress diagram on sheet 
Nos. 2 to 4 are given in tabic on sheet No 5. Columns 12 and 13 give 
the absolute maximum compressive and tensile stresses occurring in any of 
the three methods of loading ; that is, the stresses for which the members 
are to be designed. Column 14 gives the sectional area of steel required 
for the maximum tension at IC,000 pounds per square inch Columns 15 
and 16 give the number and size of rods required and Columns 17 and 18 
the number and size provided. 

13. Intermediate Spans. 

Cempresske stresses in the bottom boom 
(a) The maximum compression force is 2,53,000 pounds in members 
Sectional area of concrete 27 inches by 17 inches 

<=450 square inches. 

Equivalent area of steel provided {four 1-mch diameter rods) 
14 by 3 14 ss 44 square inches 

Total equivalent area k 603 square inches. 


Average compressive stress 
Maximum intensity of compressive stress. 


_ 2 ,^ 0 ^ 
■ ’ 503 


503 pounds 
per square inch. 


503 ^ — 508 pounds per square 

inch. 

(6) Compressive force in the centre bay is 2,24,O0U pounds 

Sectional area ol concrete = 459 square inches. 

Equivalent area of steel (Tour l-inch diameter and six l|-jnc!i 
diameter rods) = 1C9 square indies 


Total equivalent aie«» — i>2S square inches 


Therefore average stress intensity |K>unds |>er square 

inch. 

Maximum stress mlcnsit> 2 by 356 ^ 7 12 |x)unds per square 

incli. 
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(i) For maximum shear, the loading %vill be as in paragraph 
1 1 (i) except that the moment due to cantilever dead loads will act only at 
one support. The loads carried by each sjstem will therefoje be as 
below : — 


17-4 11-0 13 9 12'G 9 2 12 8 9-7 13 8 10-7 kips 



ftot-kips 

Stresses in the t\vo systems due to these loads are found in the stress 
diagram on sheet No. 10 and tabulated in sheet No. 12. 

(f) The worst hogging stale of the beam will occur when the beam 
carries po super load and the cantilever carries the roller at the free end 
and a crowd load on the remaining portion. The moment at support in 
each system due to such loading in the cantilever is found in paragraph 
11 (c) to be 1231 ibot-kips. Taking half the dead loads on the beam as 
given in paragraph 4, each system will carry the following loads . — • 


7-7 11 0 0-9 100 6.4 10*0 09 11*0 


I I 


I 


T 

1231 1 


1 4 

foot-kips 

The stresses m the two systems are found in the stress diagram on 
sheet No. 11 and tabulated in sheet No 12 


£/id spans : Stresses m beam (contd.) 

Details regarding the sectional area of steel required for maximum 
tensile stresses in the various menil)ers and (he number and size of rods 
required and provided are given in table on sheet No. 12. 

17, End spans. 

Compressive stress tnlhe top boom 

Maximum force is 3530u0 pounds near the centre. 

Compression taken by the steel provided (six IJ inch diameter rods). 


14 by 7 37 by COO by pounds 

Therefore Compression taken by the slab =301()0i) pounds 

Width of slab \shich takes iliis sirc5s= by'l4 ^^by 7 & inches 

JS, End spans : Cantilevers 

Typeofl for these cantilesers to produce maximum stress 

he meml ic s.xnie as that for cantilesers for the intermediate 

treat raph 13 and the same design is presided 
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14, Intermediate spans : Cantilevers. 

Maximum bending and shear stresses will occur in the cantilever when 
the roller is on the cantilever with the heavier load at the free end and a 
crowd load occupies the rest of the cantilever Panel loads due to this super 
load will be as follows : — 


6‘t? 3-2 


yr77T7T777T7ypr 


7’0'‘ e-j" 6-3" e-3*’ 


fg’4 


The two framed systems taking half the total loads are shown in Frame 
Diagrams on sheet No. 6 Half total loads (consisting of dead loads as 
found in paragraph 7 and super loads as above) will be as follows : — 


"^^TTTTTTTTTTTTTTT^^ 


to 7 xy-6 fJ-9 IC-O f4< 

£ D ft n 4 


The stresses in the two systems are found in the stress diagram on 
sheet No. 7 and tabulated in sheet No. 8 Column 8 in the table on sheet 
No 8 gives the area of steel required at 16,000 pounds per square inch for 
the maximum tensile stress in each member. Columns 0 and 10 give the 
number and size of rods required and Columns 11 and 12 the number and 
size of rods provided. 

15. End Sparu : Stresses in beam. 

In the end spans the beams have to support a cantilever only at one 

end. 

(a) Maximum bending moment will occur in the beam when the roller 
is at the centre of the span and the cantilever carries no super load Moment 
at the support due to cantilever dead loads only is, according to paragraph 
7 1454 foot-kips. Each system will bear at one support a moment equal to 

half this moment or 727 foot-kips. The super loads on each beam will 
therefore be, as per paragraph 5, as below — 

GO 5'G 2 8 19 4 0 14 1 5-2 6’C 6U kips 

111111111 
1 4 1 

Adding to tlicse loads the dead loads on the beam as given in 
paragraph 4 and halving the totals, each system will carry the following 
loads 


10-7 13 8 8 3 

1 I l-i 


19*4 0 4 171 9 5 17-8 


1 1 


Us-G 

Stresses due to these lo.ids arc f 
No. 9 and tabulated in sheet No. 12. 


si) 


kips 


I 4ips 

1 sheet 
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(i) For maximum shear, the loading will be as in paragraph 
11 (i) except that the moment due to cantilever dead loads will act only at 
one support. The loads carried b> each system will iherefoie be as 
below : — 


lT-4 11-0 13 0 12-C 12 S ‘1-7 13 S I0'7 kips 

i ! I I I I I ) ( 

I i i X i X I 1 1 


IwT 4 7-'i 

foot-kips 

Stresses in the two systems due to these loads arc lound in ihe stre'>s 
diagram on sheet No. 10 and tabulated in sheet No- 12. 


(f) The worst hogging state of the beam will occur when the beam 
Carries po super load and the cantilever carries the roller at the free end 
nnrt 1 •!.- wsn.-tXnn “Phc mOmCnt at support III 

■ tilevcr is found in paragraph 

dead loads on the beam .is 

fiiktu 111 paiagiapii i, eacn system win c.ui> the following loads 


T 


II-O GO 100 C.4 10-0 GO 11-0 7*7 

I I I I I I 

X X X X X X 


' 1 i 

X 1 X 


1 


1231 1 
foot'klps 

The stresses in the two systems are found in the stress diagram on 
sheet No. 11 and tabulated in sheet No. 12 


^5. End spans : Slfenfs in beam (conid.) 

Details regarding the sectional area of steel required for m.txinuim 
tensile stresses in the various mcm1>ers and the number and si?c of rods 
required and provided are given in table on sheet No 12. 

17. End spans. 

Compressire stress in tfie lop boom. 

Maximum force is 353000 pounds near the centre. 

Compression taken by the steel provided (six l}-inch diameter rods). 


14 by 7-37 by 600 by ^ = 62000 pound. 

Therefore Compression taken by the slab =301000 pounds 

U'idlh of slab which takes this 5lrcss=- ^^ inches 

nr 


/S. End spans : Cantilertrs 

Type of loading for these canlilcveia to produce maximum stress 
in the members arc the s.'imr as that for cantilevers for the intermediate 
spans treated in paragraph 13 ami the same design is provided. 
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Therefore horizontal pressure at E due to wind and flood is 

7,000 plus G,250 plus 1,525—15,675 or 15,700 pounds 

Flood pressure on CD = (1G‘0 by 4*0) by 200 = 12,800 pounds 
Components of this pressure at C and D arc G,400 pounds each 
Therefore total horizontal pressure at D = G,250 plus G,400 = 

12,G50 or 12,700 pounds 

Flood pressure on BC=(12 feet 4i inches by 4 feet) by 200= 9,000 pounds 
Components of this pressure at B and G are 4,950 pounds each 
Therefore total horizontal pressure alG=6,400 plus 4,950= 11,050 

or 11,400 pounds 

The horizontal forces due to wind and flood at F*, F, D, C, and B arc 
therefore 

35,800, 4,0^, 15,7tXh 12,700 and 11,400 pounds respectively. 

These arc shown at their points of application in the sketch. 

3. Overturnwg momenls and fxtra loads on column sections. 

Otertumtng 

moment. Arm. Extra load due 

.4iou/ E. 35,800 by 12-5 = 4-18,000 foot pounds to overturning 

4,900 by ll‘2 = 55,000 „ „ moment. 

40,7^ 503,000 / 13-75 feet 3C,G00 pounds 

About D. 35,800 by 2S- 1 =1,000,000 
4,000 by 20 8 = 131,000 

15,700 by 15-G = 245,000 

50, 4W 1,392,000 / 1G-S3 feet 84,000 pounds 

About C 35,800 by 44-1 =1,579,000 
-1,900 by 42 8 = 210,000 

15.700 by 31 G = 496,000 

12.700 by IGO = 203,000 / 19*0 feet 130,900 pounds 

69,100 2,483,000 

About B. 35,800 by 50*5 =2,023,000 
4,900 by 55-2 = 270,000 

15.700 by 44-0 = 691,000 

12.700 by 2S-4 = 861,000 

11,400 by 12-4 = 141,000 

SO, 500 3,486,000 ' / 2r03 feet 165,000 pounds 

4. Distorting moments in column sections. 

In IZD 56,400 by 15 G-25 by^ = 2,6-10,000 inch-pounds 

DC 69,KK) by 16*00 by ^ = 3,320,000 inch-pounds 

CB SO, too By 12-375 by^ 


. = 2,990,000 inch-pounds 
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5. Loads on column sections, 
a Direct load on column cap as per para 1 

= ‘JsG.lXJU pounds 

Weight of column cap 

= 7,000 pounds 

Half weight of brace E 

= 4,100 pounds 

Weight of column DE 

27,200 pounds 

Therefore direct load just above point D. 

324,900 pounds 

Extra load just above point D due to overturning 
moment as per para 3. 

= 84,000 pounds 

Therefore Total load just above point D. 

= 409,500 pounds 

b. Direct load at D 

= 324,900 pounds 

Half weight of brace D 

= 0,200 pounds 

Weight of column DC 

= 30,300 pounds 

Therefore direct load just above point C 

= 301,400 pounds 

Extra load just above C due to overturning 
moment 

= 130,900 pounds 

Therefore total load just above point C 

ss 492,800 pounds 

c. Direct load at C 

= •801,400 pounds 

Half weight of brace G 

= 7,500 

Weight of column CB 

» 23,400 

Therefore direct load just above point B 

s 302,300 pounds 

Extra load just above B due to overturning 
moment 

= 165,400 pounds 

Total load just above point B 

= 657,700 pounds 

0. Design of column sections. 

4 feet diameicr column, reinforced with sixteen IJ-inch rods 2 inches 

concrete cover 

EfTective area = .T by 44* 

1,620 square inches 

Equivalent area of Steel = 14 by 16 by O'D'Jl 

= 223 

Total area 

= 1,743 square inches 

Modulus ofScction Z of concrete =^by 22* 

= 8,359 inches* 

I of steel -!■ 

= 441 

17 8* 

= 317 

no* 

= 112 

4-H 

= 17 

4 by 0 ItOI by 017 

= 3646 inches* 

Equivalent Z •= =e3S5 indies' 



= 3G46 inches* 
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Therefore total Z «= 8,359 plus 2,385 = 10,744 inches^ 

Just above footing — 

/(Direct) = =320 pounds per square inch 


/ (Eccentric) = = 278 pounds per square inch 

Therefore total stress at section = 698 pounds per square inch 
Just above brace G. 

/ (Direct) = 492,300 = 282 pounds per square inch 


. 3,320,000 

/(Eccenlnc) = 


= 309 pounds per square inch 


Therefore total stress at section. 591 pounds per square inch 
Same section is adopted for portion DE. 

7. Bracts, 

(a) Brace at G«=30 inches by 24 inches 

Bending moment = 2,990,000 Inch-pounds 
plus 3,320,000 

6.310.000 i nch-pounds 

Bending moment at end of brace= 6,310,000 by = 5,000,000 inch- 

pounds 

Effective depth =34 inches. 

5,090,000 

.-.Area of steel (at top and bottom) = = 9 36 square inches. 

Use ten Ij-inch rods giving 9‘91 square inches. 

(5) Brace at D 

Bending inomcnt=3, 320.000 inch-pounds 
plus =2,640,000 inch-pounds 

5.960.000 inch-pounds 

O'-i" 

Bending moment at end of bracc= 5,060,000 by g;^,= 4,620,000 inch- 

pounds 

4,620,000 

Therefore area ofslecl (at top and bottom)= 3 v . ig ' U 00 ~^ square 

^ ’ inches. 

Use nine 1 J-inch rods giving 8'95 square inches. 

8. Column footings : 

— =2 808 feel. 

(a) Side of footing = V 2 plus 1 

(2'898)^ 

Area of footing =7* — 4 by i by ~-~2 


=49 - 84 
= 4U*G square feet 
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Volume offooting=40 6 by 2 0 plus 


40^0 plus_l2-G by 0-5 


= 04 5 cubic feet 

Weight of footing =04*5 by 160= 1475 pouncls = G ton* 

Load from column=677,70() pounds =2‘1U'0 tons 

Therefore total load =25r»%S tons 


Therefore pressure on foundations 


-=C'2n tons per square foot 


(b) For cantilever portion of the footing 
weight for a 12-inch strip =6 29 by I'fi =9 44 tons 

Maximum bending moment =9*44 by 0 77 =7‘27 foot tons 

7 27 by 13 by 2,240 

Therefore area of steel rcqui'-ed= — OdO GO square inch 

Steel for 7 feet width =7 by •CO =4‘20 square inches 

Use six IJ-inch rods giving 5% square inches 

n. Tteslles with Foundation at R L. 1337. 

These arc designed similarly, the corresponding results being as 
follows 

1. Horizontal forces due to wind and Hood nt F', F, E, D and C are 
35,800 ; 4,900 ; 17,100 ; 15,000 and 17,500 pounds respectively. 

2. Overturning moment about E, D', C' and B are 

503.000 ; 1,401,000 ; 2,598,000 and 4,405,000 in pounds. 

Arms of moment I3‘75, 1G3:1, 19 00,225 feet 

and extra loads due to this moment 

SG,(5U0 ; 80,000 ; 186,700 ; 109, W»0 pounds. 

9. Distorting moments in FE, CD', D'C' and C'B' 

1.500.000 ; 2,700,000 ; 3, .500,000 and .5, GOO, 000 inch-pounds 

V) Total loads (direct plus extra clue to overturning moments) just 
aboNC 

D’ C' B' are 

42.‘,400 521,100 047,050 pounds. 

(d) Equivalent total area of column section : 2102 square inches 
Equivalent total Z of column section : 17,7.19 inches' 

Just above footing/ (direct) = 269 pounds per squ.irr inch 

Just al>ovc fooiing/(ccccmric) = 32R pounds pcr«qu.Trc inch 

Total maximum stress = 597 p ounds per square Inch 

(/) Moments to be provided for in braces G‘, D', and E 
are 7,160,000 G, 280,000 2,880,000 inch-{K>undi 

Area of steel required 10'4, 8*1 and 7'2 square inches 
Area of steel pro\ ided 1 1 *0, 8 C and 7'4 square inches 
(/) Area of footing square feet 

Total load on footing sr2*'69ions 

Pressure on foundations r^aCrt loos per square foot 

Area of steel requireil rs7"76 square inches 

Are.i of steel provided =7'95 square inches 
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Shahgadh Bridge: Superstructure 



Loads — Crowd with Roller at Free End. 
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Discussions on Paper No. D. 

Mr. DiWar Hussain (Aulhor) : I may say for ,l,c Inronnal.on of tl.r 
lembers that the illustration which has appcarcd aloni; sutli tlic p.iiicr 
lieht civc them an idea that the bridge is one with continuous arches. 

Tiis is not so Each section consists ofaspan with a continuous beam 
4 feet centre to centre in two cantilevers 32 feet each Between each unit, 
here is a space of 1 foot to serve as an expansion joint. 

Mr. J. C. Guha (Bengal : Water centent ratio is one of (lie vital 
joints in important constructions of cement concrete, as an excess of c\cn 
it) to 15 per cent of >s'aicr causes a decrease of sircngllv of about Wl per 
:cnt. Similarly too little water is equally harmful The question is 
Aihcthcr the quantity of water actually required per bag of cement sUuuld 
be specified beforehand and followed throughout the construction. The 
quantity of water required should be governed by (1) the condition of 
wwihability of the concrete, (2) the size, grading and condition ol 
tbt aggregates, and (3) brand of cement used. In any ease, the normal 
iconsistcncy of the mixture requiring the use of a certain (luantiiy of water 
per bag of cement is usually, at least should be, determined by some 
mechanical tests, such as slump test. Even for the same stuff and same 
proportions ofmetcrials used, no defmtie quantity of water per bag of 
cement may be specified for adoption throughout a construction. In 
actual practice, it was found that according to variations of temperature at 
fdifkerent hours of the same day difTerent quantities of water were 
required per bag of cement. 

In the construction of the cement concrete road on the Calcutta- 
Jessore Road, Kuinl cement, clean Barakar sand and Pakuc stone aggre- 
gates were used in the proportion of 1 : 2 : 4. Ballast was wet before use. 
Band was dry. In that\votk,a slump of about 2 inches in a freshly moulded 
roi\ in a 12 inches long truncated metal cone 4 inches and 8 inches 
diameters upon withdrawing the form by a steady upward puU gave the 
mixture of proper and workable condstcncy. Concrete was mixed in a 
mixer. It svas obscrs'cd that at about 8 a,m. when the work would be 
usually commenced, about gallons of water per bag of cement were 
necessary : at about 1 p.m. as much as 5 gallons of water were necessary, 
to get the proper consistency by slump test, 

. tvholc idea of my remark is that in big and important construe- 
tion ofeement concrete,, it might nnl be ptapec Ua sitvek. to any 
quantity of water per bag of cement throughout a certain construction, 
out some sort of mechanical tests should be carried out frequently to arrive 
.at the required quanuly of water, as it may vary under diflerent conditions 
lor itic same materials and same proportions. 

CBihaT\s Tlw — - - mmc 

lum- 
cc, it 
the 

jcak discharge, 
on of Civil Engineers 
to Indian conditions 

r %. “1* it ol the Minutes of Proceedings, and in the Journals 

for March and October, I«J37. 

raising discussion on Mr- Dildar Hussain’s very interesting paper, 
I hope iQ gain furihcr inrortnatlon on the q ' n of peak discharge. 
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My first point is that the paper states that a peak discharge may be 
calculated from Dicken’s Formula D=C^£^ “ where ihe value of C varies 
fiom 150 to 1,000.” 

According to Colonel Hearn, page 269 of the Minutes referred to, 
the coefficient G is taken ns 1,000 to 1,400 in the Central Provinces, and 
l.GUU in the Western Deccan. 

On page 2SS of the Minutes, Colonel Hearn shows definitely and 
clearly that the real Dicken’s cocfEcieiit C based on catchments from 
l/StUh square nule to 27,000 squaie miles, is 825 

Now, what on earth is the use ol a formula for peak discharge when 
difTcrent authorities in India use co-eflicients varying from 160 to 1,600 ? 

It IS not very economical to consliuct a bridge capable of passing 11 
times as much flood water ns may actually occur and it might not be 
helpful to one's career to construct a culvert which svas overtopped by 
the first Ghiistmas rain ! 

'I his brings us to the formula D-=C.M0 — A where C s= cons- 

tant, “1.550 in this case ” This is known .as the “Chief Engineer’s ” formu- 
la, and It has been used for the calculation of the peak discharge in the 
case ol the bridge under discussion. 

It seems to be an iinpiovcmcnt on Dicken’s formula as it brings in the 
pi inciple that ma.\in\uiu intensity of precipitation is a logarithmic func- 
tion of tile niagnaturc of the area under discussion. 

There is insufficient time in the Congress for anyone to put up a note 
explaining the evolution or development of this formula, so perhaps this 
could be done as subsequent correspondence to be printed with our 
Proceedings 

But the Chief Engineer’s formula belongs to the same family ns that of 
Colonel Dickens and the words of Mr. Hussain “ 2,350 in this case ” show 
that it has the s.nmc family failing of a variable constant. 

I therefore now m.ike a plea for the Indian Roads Congress to issue 
something authoritative to assist us in such pioblems— say a printed sheet 
or two which xse could stick in the back of our recently issued Standard 
Spccific.ation and Codes of Practice for Road Bridges in India. 

My own inclination is to follow Lillie, vide p.age 205 of the Volume 
CCXVII referred to, which takes into account aho the shape and gener.al 
slope of the catchment, the annual rainfall, and general character of 
the giound. 

Wliat need is a scries of curves, such as those given on pages 461 
and 462 of the Journal for October, 1937, for difTcrent parts of India with 
a brief description of how the curves arc arrived at, so tliat \vc can under- 
stand our own calculations and not be accused of applying a formula wc 
do nut understand. 

One other point about this vcr>' interesting paper. IVc do not have 
much in the way of design c.rIculations or working detail, and this intro- 
duces a rather dclic.atc matter requiring tact, which I now approach in the 
method of a bull approaching a gate. 

Mr. Hussain states ih.at (he badge was designed and constructed by 
a certain firm orengiticcring contractors. 

I submit (!iat the contr.ictors do not desen-e quite all the publicity 
that this paper gives them, as wc have not had (he opportunity of look- 
ing into their design and working details. 

As a critic, I say that the author is incorrect in mentioning the name 
of the contractors. As .a fclIow-cngincer, I s.iy (hat I would have made 
exactly the same mistake. 







Here, again, the Indian Roads Congress might very usefully suggest 
the lines on which such papers as this should be written. 

Such procedure would also assist us to compare one bridging project 
with another. 

Mr, S. Srinivasa Raghavacharyar (Trichinopoly) : I have a few 
points of doubt to be cleared. Are piles designed to prevent dis- 
tortion ? Are there crossgirders ? Why can we not have direct 
thicker slabs and dispense with the cross girders rompletely ^ In 
the plan attached to the paper the cross section of the girders is not 
found. \Vill the author please explain these points ? The piles are 
designed to stand only wind pressure, but they should also stand the press- 
ure of water- 

Mr. N. Durrani (Bohbili) : This particular river is bridged m as 
many as six places including Shahgadh. I request the writer of this paper 
may give the mileage along the length of the river as this, along with 
' ’ '' ' ■ Ige. will be useful to give an 

'"the river. This information 
at any other crossing of the 
river particularly in between any of ihe existing ones The writer has 
referred to the Chief Engineer’s (Alinawaz Jung’s) formula and one or two 
speakers have touched it. The writer will do well (o give full details as 
to how the formula was originally derived and its advantages over any Oi 
the classic formula:. 

The details of expansion joint have not been sliown in the draw'ings. 
Sand mixed with tar or hemp steeped in tar works well for wearing coats 
of cement concrete but it will not be elTicient for decks. Elcxlod joints are 
good uhich can be fixed in multifarious ways. 

My experience tells me that weaiing coat with J-mch tell-tale rods at 
1 foot G inches centres wotks as a good binder fur the concrete and during 
wear the appearance of tell-tale giHl will be a waining for n rceoaf. 

In the paper It is st.-ited (hat impact allowance has not been made 
because in the design siies^cs of COO pounds and 10.000 pounds ha\e been 
taken for concrete and steel respectively, as against T.’-O pounds .and 
pounds. Tlic nature ofivorkmanship demanded in ihe latter case is f.ir 
superior than in the former. Even assuming that superior workmansliip 
is ensured it is good tr design with these sii esses and nciually allow fur 
impact rather than working nt Imi stresses and expect impact tr> adjust 
itself. 

Regarding jierccntagc of w'.atcr to be used with cement concrete, no 
doubt excess W'.Ucr weakens the concictcbutshort.igc !ione)Com!»s it. The 
hatter is dangrious and inu*t be strictly .avoided, even by using a little 
excess of w'.ater. After one or two mixes it will l>c possible to arrive at a 
proper quantity of w.nter foi a batch mix lint eniuies complete absence of 
jione)comblng with just a wee bit excess water as a safeguard against 
shortage and tlie resultant honejcomb cincrete. 

Rao Sahib M. A. Rangaswami (Bihar): Tlic p<'Int I wanted to 
raise about the dischai-ge fnmula ad-spted in this case has Ix-en dealt with 
bv Mr. \V. 1, Murrell One or two points I would like lu Lnens’ from the 
author, lly adopting this di-xign w-as anv susbstantial leducti^n in C"‘t 
made as ci'nip-vred with the ordinary icinforeed concrete and arch d'^i.-n 
Seo-iiullj’ I shouM hie to know bow the spares b-iween cantilevers aie 
fillcvl up and aKo what safeguards are taken to prevent th-- laieul 
movx-inrnt cfany one span .xrra. In an earthquake area suc!i a ps-sjLdiu 
is aim •»( cettain. Mr MurreU fu.raests tUitunlu? pro—iin'-nce is srjsesi 
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to the designers. I think there is no harm in furnishing the name of the 
designer. 

Mr. W. L. Murrell (Bihar) ; What I wanted to say was that no 
firm’s name should be mentioned unless tlicy give this Congress details of 
design. 

If such details arc given, it is important that the name of the firm 
should be stated. We are all on the lookout for reliable firms from whom 
to invite designs and tenders. 

Rai Bahadur S. N. Bhaduri (Chairman); Some members have 
complained about the lack of details in (he paper. The details were sent in 
but were not printed. 

Mr. L. B. Gilbert (Government of India): The details were 
received but too late for publication.* 

Rai Bahadur S. N. Bhaduri (Chairman) : Will Mr, Dildar Hussain 
now reply. 

Mr. Dildar Hussain (Authorl : Mr. Guha has offered his remarks 
advocating the use'of slump tests on large works. He states that on the 
Calcutta Jessore Cement Concrete Road the quantity of water used varied 
from 4^ gallons in the morning to 5 gallons at noon and <i| in the evening. 
With regard to the slump testing, opinions of those who have done 
reinforced cement concrete works differ. Mr. Mearce, C.E., of Messrs. 
John Gammon & Co., has stated on his experience of Bomb.ay practice 
that the results obtained from slump testing were found to be so inconsistent 
and variable as to prevent him from placing much reliance on this method. 
The author also holds the same views based on his experience 'of numerous 
reinforced cement concrete works carried out on the Nizamsagar Canal. 
Perhaps for the use of cement concrete in road works where the mix is not 
supposed to perform any functions similar to what is required in the case 
of reinforced structures. Slump testing may be helpful in giving unifor- 
mity for the regulated quantity of the mix which has to he laid in fairly thin 
layers. In the case of reinforced cement concrete bridges where the depth 
of members is large and the reinforced fabric is complicated, the mix must 


Mr. Harrington Hudson refers to the standardization proposed by 
Mr. Lloyd on the proportion of water to be used for any desired consistency 
of concrete. But, here also, the recommendations are hedged in with so 
many qualifications that judgment has to come into play again and the 
quantity of water docs not remain amenable to mathematical precision, 
'riic principal f.ict that has to be borne in mind by the concrete engineers 
is that the water cement ratio should be kept as low ns possible to avoid 
the loss of strength, liability to shrinking and cracking and other evils 
resulting from the excessive use of water. 

Mr. Murrell had some remarks about the formula for the discharge. 
The question of determining .n formula for (he maximum flow off catchment 
areas of dificreni sizes had been under consideration for some time. 
There is no point connected with hydraulic engineering on a large scale 
ivliich calls for more enquiry on the part of the engineer than this, as upon 
it depends primarily the design of any work contemplated in connection 


• TIimc }i:«vc been prinlej tUe Appendix to the pajier. 
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with drainage, or the disposal of surplus floods, and an error in one 
direction means unnecessary expenditure, while an error in the other 
direction may mean disaster. 

The most convenient formula is of the form D = C M* where M is the 
size of the drainage area in square miles, C a numerical co-efficient 
depending on the physical, geological and climatic conditions of the 
drainage area, while * is an exponent the value of which is less than unity. 
There are many formula* ol this type in use but they suffer from the 
drawback in that they give a constant value to the exponent. Fanning 
had suggested the ratio of 5/6, Dickens 3/4, Major Ryves 2/3, and 
Licut-Col. O’Connel 1/2. 

None of these can be said to be rational, as very often wide differences 
in results have been noticed in their use. In order to adjust these result- 
ing differences recourse is often had to variation in the value ofC, and 
those who use these formula: apparently take it that the value of C is an 
average for all sizes of catchments. 

Giving X a constant value less than unity certainly means that a 
larger area will have a proportionately less discharge than a smaller one ; 
hut it also means that the proportion between the rates of discharges 
remains the same for the same proportion between drainage areas, 
irrespective of their sizes. The former is correct but the latter is not true. 
It can unhesitatingly be said that the proportion of maximum flood from a 
drainage area of 1,000 square miles is considerably greater. Adherence 
to a constant value for x must, therefore, give rise to great uncertainty in 
the use of the formula. 

What is required is to ascertain the law governing the maximum 
discharge frem drainage areas of different sizes, under the influence 
of meteorological, topographical and geological conditions. The value ofC 
is the modulus for a particular locality and converts the relation of the size 
of the catchment into the figures for the discbai^c. * must be regarded as 
the classifier and it should be a function ofM. 

In Bombay practice, curves of Wliiting and Beal arc used and are said 
to be reliable for the areas up to 1,000 and 1,G00 square miles. Both the 
formulx yield a cur\'e up to 103 square mites and a straight line beyond 
100 to 1,000. IVe ha^c no knowledge about the using of the formula: 
beyond those limits. 

A value of C in Dicken’s formula l>ctuem 150 and 1,000 ^s'as given by 
Stinnge in his book on Roads and Bridges. But taking tlic formula 
D^CM' and assuming th.-it M = l. D = C and therefore if C=-1N) it 
will mean that D^ICO cusecs, which is incorrect. 

It can be shown that the value ofC in Dicken's formula varies from 


lliis gives ihe value of C in Dickens : CG**. In the case of the bridge 
across the Kistna Riser now under construction in the Raichur Diifrict.lhe 
catchment atca is 40.50' «marc miles and the discharge is OTy.PiO cusecs. 
Tliis givTs a \ .slue of C in Dicken’s fiwmula : 2T5. the equivalent \alue 
of C of Chief Engineer’s fiumula being IPlt* 
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of thanks to Rai Bahadur S N. Bhadun who has occupied the chair for 
the discussion of this group of papers {acclamaiton). 

The Congress adjourned for the luncheon interval at this stage. 

CORRESPONDENCE. 

I.— Comments made by Mr. K. S. Raghavachary, Assistant 
to the Special Engineer, Road Development, Madras, 
by post on Paper No. D. 

1 The several factors taken into consideration for the adoption of 
trestle type for this bridge may be furnished, especially in the present case 
where rocky foundations arc met with at depths ranging from 5 feet 
to 25 feel and the rocks have been actually chiselled and benched to seat 
the trestles. W'hcre open foundations aie possible and rock is met with at 
reasonable depth, solid masonry piers and abutments would ordinarily be 
cheaper. The trestle bridges are generally adopted in cases where good 
foundations are not available c\tn at great depths. 

2 For the loading of a 15*ton steam road roller, the 7J inches 
depth of slab adopted seems to be insufficient for a span of I3 feet 
B inches 

3. Compaiativc costs of the bridge with T^beams or bow-string 
girders may also be uorked out. as the cost as per present design works 
out to Rs. 567 per running foot. 

•1 In the case of bridges of the sizes considered, it is usual to 
consider the comparative costs of the bridges with difTcrcni spans, to 
decide on the economical span. 1 wish to know whether this aspect luis 
been considered, especially when sc\’eral bridges ha\-c been constructed in 
the State, and some more are under consideration. 

II. — Reply by author (Mr. Dildar Hussain) to the comments 
made by Mr. K S. Raghavachary on Paper No. D by post. 

1 . The reasons for adopting the trestle type of bridge against a bridge 
with inasonr)’ piers and abutments, arc that stone suitable for masonry is 
not available near the site of the bridge, the nearest quarry being about 
8 miles away. Hence it as considered cheaper to adopt the reinforced 
Cement Concrete bridge, the design os constructed being found more 
economical than others. 

2. Calculations are giv'en w'itli the paper. 

3. Tills is not possible now. It might be a useful e.\ercise of an 
academic interest. 

4. Tills is a subject with wide issues. In the Deccan where good 
foundations arc generally met with and stone of good quality is available 
it seems preferable to adopt masoniy' bridges since use is made of all local 
materials. It has been found, tliai taking difTercnl aspects into considera- 
tion, ft>fcet sp.an is about the limit sshere rnasonrj’ arches arc economical 
as comp.ared w ith other pes Almost all larger bridges in the State, such 
.as tluwe constructed on the Godavari, the Manjra, the Bhlma and ' 
Ktiihna ha\e been constructed with CO-feel arches. 




Paper F. 

The congress reassembled at the Osmania University Hall at 3 p.m. 
after the luncheon interval and Mr. L. B. Gilbert took the chair. 

Mr. L. B. Gilbert (Chairman): I caU upon Rai Sahib Fateh Chand 
to present his Paper on “ Roads under Local Bodies and how to maintain 
them.” 

The following paper was then taken as read : — 
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ROADS UNDER LOCAL BODIES AND HOW TO MAINTAIN THEM. 
By 

Rai SAinn Fateh Chand, Secretary-Engineer, District Board, Bijnor 
A\ p President, District Board Engineers' Association, 

United Provinces. 


Claises nf Roadt. — Tlie roads ttmlcr Local Bodies may be divided 
inin two classes ; — 

(1) Unmetalled roads. 

^2) Metalled roads. 

2. Ratio oj Dijferfnl Classes oj Roads. — The majority of the milage 
under Local Boards consists of unmctallcd roads. In an average district 
o( the United Provinces the ratio of metalled roads to those unmetalled 
uill be found to be I to 4 and in some I to 7 or even less than that. 

n. Importance of Ur^mctalled Roads.— ‘W'lih the advent of motor lorries, 
iticrcAscd value of time, more education, higher standard of living, 
increased railway facilities, better marketing facilities, and other activities 
promoting travel, the importance of unmetalled roads has very greatly 
increased during the past few years, and it is now impossible for the 
District or Local Boards to ignore the maintenance of their unmetalled 
roads. Limited funds mean that there can be only a few metalled roads 
in each district. Tlie future development of the country both politically 
and economically must, therefore, depend mostly on unmetallcd com- 
munications. Considering the great length and importance of unmetallcd 
milage both at the present tune as well as in the near future, I shall deal 
mostly with these roads in this brief note using only a small space 
for metalled roads. 

4. Selected and Unselected Roads. — For purposes of maintenance, the 
unmetallcd roads should be divided into (1) selected roads and (2; 
un<electcti roads according to the importance of each road and the nature 
of irafTic over it. 

Allotment of Funds. — Tliere should bcarcgular allotment of funds 
for (1) the construction of bridges, culverts, causewajsand other original 

wojks, and (2) annual mai“*“ • • .-j-.. — i — — — i. 

willolien l>e found dlfhcu 
ll'M dir m.ain heads of Db 

were stand.irdired and the amount to be provided by the Ikiards in their 
budgets for metalled and unmetalled roads respectively as also the number 
of public works subordinates required to lie einplovcd by each Board to 
in.amt.Vm the latier kinds of ro.ads onl) (the foimcr ones then being under 
die control of the P. \Y. D-) was given in the Government orders on the 
Mibiret. But iliev allotments were not obligalorv and were not alwa>s 
fortbeoining with the result t!»ai impitc oJ increased traflic and the 
imj'ort.'vnre of tbevr ro.vdi and of ibr tnerravd co«.i of maimenance 
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prr mile ns compared to lOM, the allotment for unmctnllcd roads has 
i)ecn cut down by more than 7.'* per cent in some districts and by more 
than (50 per cent on the n\‘eragc for the whole of the Province. In Ihct, 
ns has been mentioned in some of the Government reviews on the 
administration of Local Boards, the allotment for unmctnllcd roads has 
been tlic first to be curtailed when funds were required for any nciv 
expenditure. One way to pul a stop to any further decrease is to have a 
minimum allotment fixed for roads as has been done in the case of 
Education. The funds available should be distributed per mile for 
selected and unselccied roads respectively. 

C. JiatsiriQ of I^iv Pottions . — ^Thc improvements generally nccessarj' 
consist of- — 

1. Raising of portions that are depressed, where water stagnates 
during the rains and for some time after. The portions u here bridges 
or culverts are to be constructed should be left out. These sliould be 
mised after the bridges or culverts h.a\c been built, but in tlic meantime, 
the road on cither side can and should be raised and a ramp m.ndc on the 
site of the bridge uiih.a slope of J in .‘U) to pass the cross drainage. This 
will reduce the inconvenience of wading through a length of miles and 
furlongs full of water to a few y.ards only or in the case of the larger 
nala\ to a feu huntlred yar<ls only. The raising should be at least one foot 
nbo\e usual flood level, otherwise whatever earth is put in is sure to be 
unshed away and money spent on insufficient earth*uork will not only 
be a u.asie', but will cause a great hardship to traffic due to soft earth 
belou water fevel forming a qu.agmire during the rains. The earth-work 
should be done immediately alter the rains svhere e.irth is available, but 
mostly it has to and should be done in summer so that the e.irth will 
be consolUhted during the winter rains in the former case and by the 
monsoon in the latter 'case. TJie clods should be properly broken in 
the borrow pits before earth is taken to the road. The borrow pits 
should be of a given siiapc and size with regular tattit and molams so 
that the contractor does not take advantage of the old pits or natural 
depressions or small dr.ains made by cultivators to raise the boundaries 
of their fields. 

The borrow pits should be5onrrangcdntthee.xtremcboandariesorthe 
road, tliat after the removal of tatUs and motanis, they tsould serwe as 
drains to take off water to the natural slope which might be a nain or a 
pool of water or natural slope of ground. Unnecessary raising should 
be strictly avoided ns the road level is the best where it consists of natural 
ground level. Twenty feet width of road should usually suffice. In the 
case of unimportant roads it can be reduced to 15 feet. The side drains 
should be cleaned annually after rains and all the ruts and rain cuts 
sliould be filled up u’ith the earth thus obtained. All the portions 
required to be raised on e.ich road should be measured and it should 
be calculated in how many yc.irs lime the road would be raised com- 
pletely. This will help the engineer in securing funds more easily. 

It is important that the measurement of earth-work must be made 
and closed finally before the rains set in. In f.ict, the subordinate should 
take mc.asurcmenis at e\co' inspection before the rains. 

_7. Corntruclion of Brietges and Cwhcft/.— -The next improvement 
consists of construction of necessary bridges, culverts and cause\\’ays. The 
worst portions should be taken up first and of these the portions requiring 
.smaller cuh cris should find precedence os cr others. A regular programme 
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should be prepared coterminous with the term of the Board as suggested 
for the raising of the depressed portions. The usual mistake of making 
these bridges or culverts too high or too wide should be avoided. 
Fourteen to eighteen feet width for selected and ten to twelve feet width for 
unselected roads where only a few carls pass during the course of twenty- 
four hours, should usually suffice Where funds cannot be made available 
for proper sized bridges, it is usually of gieat help to construct causeways 
of 10 to 15 feet width with or without a small central opening consisting of 
a Reinforced Concrete slab or Hume Reinforced Concrete pipes 

H Proper Drainage . — The next item in order of importance is the 
improvement of drainage system The construction of a small drain at 
the boundary of the road often mitigates ‘many troubles. IVhat often 
happens is that instead of crossing the road at the lowest point only 
water crosses the road at several points unnecessarily. 

The raising of the road automatically puts a stop to such cross drain- 
age In most cases. But when it does not, this result should be secured by 
the construction of a small drain at the extreme boundary of the road. 
The drain should be made with outlet to a natural depression and the 
water of the road should be made to come to this drain instead of flowing 
longitudinally along the cart ruts or at any other point it likes due to the 
inicr\ention of a higher portion between the drain and the centre of the 
road surface. The slope of the drain should be regulated by means of 
small /lurfa falls, if necessary, to prevent scouring of its bed. This work 
should also be taken up according to a well regulated programme as 
suggested for 1 and 2 above. 

Improving Sandji Poritons. — ^The next important item of improve* 
ment Is to do something on the heavy s.and through which the bullocks and 
bulfaloes have to toil for hours before they can drag the heavily loaded 
carts through it. These portions arc dreaded like those full of water, from 
the Ncry start of the journey. It is necessary and possible to improve these 
at a comparatively low cost. Nine inches of clay from tanks or good earth 
from otlicr portions of the road has been used with great advantage 
over such portions. 

Usually 10 feel width with 2-root edges on cither side is sufficient but 
where there is hc.'i\y traffic 12 to 15 feet widih may be adopted. This 
gi\rs a \ery hard and good Ic\cl surface like that of a metalled road. But 
it is \ cr)' important to mainl.iin it properly. The patches if any should be 
filled up .mnually with clay and the surface should be covered sviih two to 
three inches of sand before or immediately after the rains. 

The clay should be renewed when it is broken up which usually takes 
liom 5 to 10 ^ears depending on the amount of traffic and the care in 
m.iintcnancc. The length of portions of each road to be taken up each 
)r^^ should lie c]r.Trly set out in a clear cut programme like other items of 
inijmiNcmenl referred to above. 

.\fter dc.vling with the portions where there is heavy sand, it would be 
v\ell to do soil ckissificaiion of all the roads. It consists of taking a small 
simple of eanh and washing it so as to dissolve all <l.iy le.iving only the 
s-ind liehind from which ihe pioportion of sand and clay present in the 
ini! r.in l>e .i<rrrlaincvl. It would l»e found useful to cover with rhy all 
such ]>ortioiu of toads as contain over a fixed proportion of sand which 
can be ea'Ilv determined by the bumpy condition of the road in each such 
mile whcir there is greater proportion ol vand than rnjuired. A prcjoiti-.n 
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of r>0 per cent of sand U often found to be the limit beyond whicli 
special treatment would be required in most cases. 

10. Surface Grading, Mainttnance . — ^Thc surface of the road should be 
graded so as to raise the centre, in a 20-foot width, one foot above usual 
llood-level and to level the sides on either side of the raised portion in 
a width of 10 to 15 feet graded to a slope of 1 in *10 with side drains 
or continued slope ending in a dag bet on the boundary of the road 
on cither side. Where no raising is required, it would be best not to do 
anything more than grading the surface so as to give a slope of 1 in 40 
fiom the centre of the road to the sides. The less the earth ivork 
done, the less bumpy the surface will be, for moisture and the grass near 
the original ground-level are of great help in preserving an unbroken 
surface. 

The best, the speediest and the cheapest way to do the grading work 
ia by means of the road grading machine. I was deputed to sec the 
working of these machines in the Punjab and was fortunate enough to 
have the guidance of the President of this Congress, Mr, S, G. Stubbs, 
o.n.c., I S.E., ^vho was then the Secretary of the Provincial Board ol 
r ” •* ig done by such machines 

all the statistics about 

• . *. . * there iv’as a great saving 

• • ' ^ ^ ^ ^ ■ jtorist, who could drive 

at 25 to yO miles an hour over the roads graded by the machine. My 
Board immediately purchased a road grader with a tractor, and I can 
testify, from the practical experience gained since, that roads repaired by 
manual labour can stand no comparison to those made by the machine 
whether in the quality of ivork done or in the cost, so far as the levelling 
and grading of road surface is concerned. The only difficulty in the 
use of such machines in Local Bodies is about the vehement opposi- 
tion of contractors and their friends and the difficulty in securing 
the services of drivers and repairers in out-of-the-way places. Grading 
should be completed before or during the rains to allow the surface to 
set by rain water. No rolling will then be required. One cut can be 
given just after the rains. A small gang should be employed to lop 
olT tree branches and to extract roots of trees on the track. In all 
seasons, except during the rains, usually the side palrh on lower level 
will be found to be more convenient to drive on by the motorists leaving 
the central portion for the general traffic. If the work is required to be 
done in dry weather and the road is required immediately for use as in the 
case of some important functions, the surface can be watered and rolled 
after being graded by the machine. 

Where no road grading machine is available the work of grading and 
levelling must be done * ’ ’ the contract 

being on the basis of so n graded and 

not on the measuremer ^ rtion can be 

belter levelled by clearing the side-drain and utilizing the eartli for 
levelling ruts and patches. 

n. Reservation of Track . — ^The bullock-carls will take no time in 
spoiling the surface unless a track is reserved for light and fast traffic. 
This can he done by making a daula of, say, Ij feet by 1 foot section 
separating the track rcser%’cd for such traffic from the track meant for 
general traffic. \ ditch is not so useful as a daula. The local bodies 
concerned can frame byc-laws so that no \ chicles except those coming 
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undci the definition of “light and fast running traffic” shall use llic 
lescrvcd track. \Viihout such reservation it is altogether impossible to 
maintain the surface, however well prepared, in a tolerable condition and 
the local bodies concerned arc sure to receive thousands of abuses and 
criticisms daily from motorists, however much they might do in other 
directions to improve their roads. 

Road gangs should be maintained to pass over these reserved tracks 
occasionally to fill up any patches, to look to drainage before and after 
rains and to guard against other traffic using the reserved track. The 
help of the Revenue Department and other district staff should also be 
sought to prevent unauthorized traffic from using tlic reserved track. 

12. Plantalions. — There should also be a regular programme fur 
plantations along with other items of improvement mentioned above. The 
roadside zemindars and cultivators should be persuaded to plant their own 
trees on the roads along their fields on the condition that they would noi 
cut these trees while they were still green. When they do not come 
forward, the plantation must be done by the Local Bodies themselves. 

13. Summary of Recommendations. — ^'lo sum up, unmelalled roads should 
be divided into selected and unselecied roads. Funds should be allotted 
on a milage basis for each. A programme of improvements should be 
drawn up for a period of years corresponding with the term of office ol 
the local bodies concerned. Theimprovements should consist of (I) raising 
ofilepressed portions, (2) construction of bridges, culverts, and causeways, 
(31 improvement of drainge, (-4) putting clay over sandy and soft portions, 

(6) grading of road surface, (G) reservation of a track for light traffic, and 

(7) plantations. The improvements should be maintained by the annual 
repairs of works constructed and by labour gangs working under properly 
qualified Engineering staff. From my eighteen years e-sperience of the 
maintenance of earth roads, I have been convinced after trying all ihu 
diflercnt methods of work, that improvements Nos. 1 , 2 and 4 can best be 
done through contractors, No. & by the machine and the rest departmentally 
through labour gangs and malts. 

14. Metalled Roads. — I reserve my note on metalled roads under 
Local Bodies for some future occasion. At present I might say a few 
words only about their condition. 

Metalled roads under Local Bodies mostly suffer from lack of funds 
j , . • • • . • • ~ num funds required for such 

le budget which should not 

’ ' ' , '' ■ ■ If sufficient funds are not 

available for proper maintenance the milage should be cut down and 
should not be allowed to be increased until funds arc available for the 
maintenance in proper condition of the increased milage and the existing 
milage as well. Any grant made from provincial funds should be subject 
to the above conditions. 

Much improvement can be effected, if what funds arc available be 
utilized in the best way possible. In some districts it is cheaper to use 
stone ballast in preference to kankar. The change has brought about a 
saving of over Rs. 10,000 per annum in one district. Similar saving is 
possible in many other districts. 

Tlie technical advice of the Provincial Public IVorks Dcp.artment should 
he made available to Local Bodies to decide such important matters of 
policy. Whatever allotment is available should be distributed proportion- 
ately and regularly according to the conditions of traffic for the whole of 
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the milage and the usual mistake of favouring one road only at the expense 
of others must be avoided. Much waste and inconvenience can be avoided 
by tarring or cementing all causeways and portions of roads in or near 
villages or towns. In fact, h may be found cheaper In the long run to 
maintain a tarred or concrete road in some places than a water bound 
macadam or kankar road. Specifications of tar, cement concrete and 
other roads should be made available to District Board engineers. 
Sufficient road gangs should be employed to maintain the surface and the 
palm in good condition. Breaches and obstructions should be promptly 
notified, guarded against and attended to by encouraging the subordinates 
ivJjo show better work in this direction. The experiments made by the 
Public Works Department engineers, and other technical bodies about the 
minimum width of road and minimum thickness of cement concrete, etc., 
can be adopted with advantage by Local Bodies for improving at least 
certain difficult portions of thcir roads, but this will only be possible when 
they gel the necessary information about the same from some source. 

Collection and consolidation at the proper time and of the proper 
quality should be insisted upon and the subordinates should get some 
encouragement or censure as a result of careful or careless work shown in 
this respect by each. 

But these are matters of administration rather than of technique. 
What is required is to inlrodtice technique in the method of 
maintenance of communications, both metalled and unmeta/led, by Local 
Bodies. It will go a long way if the standard designs and specifications of 
the Public Works Department and such technical papers of the Indian 
Roads Congress as can be useful in the maintenance of the local communi- 
cations are made available to District Board engineers as a matter of 
routine. 
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Discussions on Paper No. F- 

Rai Sahib Fateh Chand(Author> ; tmroduang this poper I need 
not say an>thing about the importance of untnctallcd roads The 
President in his presidential address has alirady laid sufficient emphasis on 
this point. 

I shall now read the criticisms on iny p.ijicr lorwardcd to me by post 
by Captain G. F. Hall, Clucf Engineer ol Ihhar. His wiaiien criticism 
runs as follows : 

“ The author of this interesting paper scry rightly draws attention to 
the importance of local hodics* roads on the economic life of the people but 
when it comes to improving them, the cHcct on the floods not only of the 
district concerned but also of adjacent districts needs most careful 
consideration. 

It happens as often as not that local bodies* roads run across the 
drainage line of the country, where they aic at a low level, they cause little 
obstruction to flood flow which will find its way across without serious 
afllu.\. but once a local body starts raising its ro.ids the conscriucnces may 
be very SCI lous indeed Tlic author refers to the construction of bridges, 
culverts and causeways but probably more due to lack of funds than want 
ol foicsight such provision is frequently totally inadequate to pass flood 
water without an objectionable afflux. The result is the impounding of 
water on the upstream side with consequent damage to crops and houses 
and in many cases the breaching of the road with a concentrated rush of 
svater which causes even more serious damage to crops and property on 
the downstream side, to say nothing of far serious interruption of traffic, than 
would h.ivc occurred had the road been Icli at a low level and over- 
topped. 

Even though the road may not breach for some years a silt bearing 
flood will build up the land above the obstruction and the alteration in the 
level of the country will result m serious disaster later. 

Too much importance cannot be attached to the provision of adequate 
waterways If funds prohibit them the road should on no account be 
raised. 


by aulhoruy at headquarters and consequently their effect elsewhere can 
be considered and provided for ; but local bodies generally act indcjicn* 
deiifly and want of consideration for their neighbours may easily adversely 
effect the flooding of a large portion of the province. 

Co-operation in this respect should be legislated for and no local hinly 
should be permitted to raise its roads without Government authority. 

Given such authority the work can proceed on the linrH KniSahlh 
Fateh Chand ads'oeates. ” 

Mr. AH Ahmed (Assam): The ntitlior of the pa|>rr KhI Sahlh 
Fateh Chand has rightly laid stress on the imporlanrr of uiiinrtallril ronil* 
in relation to future development of thrcomiliy holh pt»lillf<»llv pmj 
economically. The local biKlirs who have Ihnltrci fund* »t their 
ha\c to maintain such loads and thrli piobirin 1« In inaVi- ihi' lumt (u 
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iuch funds and try to Keep ilic loads passable meeting tlic demands 
made by modern trafUc conditions. 

The Rai Sahib has very rightly laid stress on ilic great advantage 
which results from the use of road grading maehinery. I fully agree with 
him in this, and our experience in Assam shows that quite apart from 
such advantages, ns speed of operation and a higher standard of grading and 
dressing the road surface, there is actually a good deal of saving in the 
maintenance estimate by the use of machinery, that is to say tractors, 
road-graders, planers, and rollers, etc. 

\Ve in Assam have a very large mileage of unmctallcd roads as com- 
pared to metalled roads. All the roads maintained by Local Boards, 
with the exception of Jew, are umnetaUed and the ratio of those main- 
tained by the Public ^Vorlcs Department is 1 metalled to 3 unmetallcd. 
Giving to very heavy rainfall in the Province the unmctallcd roads used 
to become practically impassable during the ratny season but a great deal 
ol improvement was brought about no sooner than the use of road main- 
tenance machincrv was introduced some eight years ago. It was found 
that with the exception of pciiods during the rainy season, when oiving to 
heavy and continuous rain nothing could be done, the road could be Kept 
open to motor and other traflic by grading and dressing the surface during 
fine spells of weather by use of caterpillar tractors, grading and planing 
machines and a 4-ton triple roller Soon a/terwards the use of gravel on 
the road surface was introduced and by giving a very liglit initial coat 
ol about 14 inches thickness the road was impioved to sucli a great extent 
that even during the heaviest rains it was kept in good condition. As a 
result of the improvement commercial motor traffic has sprung ujj and 
buses and lorries now freely use the impioved earth roads throughout the 
year. 

This IS as it should be. but the important point about it is that there 
was no increase in the avciage maintenance cost of the roads per mile. 
The repairs to kulcha surface wall earth and witli manu.il labour, have 
actually been costing moie than the initial coats of gravel on the surface 
and its subsequent repairs with the same maieriai. Figures that I will 
cite go to prove this 

in 1028-21) the mileage of Public Works Department roads w^is 4119 81 
metalled and 1,302 01 uuroctallcd the projioiiion of metalled toads to un- 
mcXal^cd being 'SD, and the toia^ maintenance cost was Rs. I'l.b'J.'lVi'f) 
w’liicb woiks out at R.s. 1,009 per mile. 

In 1930-37 the figures respectively for metalled and unmetallcd mile- 
age were 62G'7 and 1,878‘4 giving a proportion of *33, and the toi>d 
maintenance cost is Rs. 21,97,310, giving the maintenance cost pei mile 
at Rs. 877 only. This shows that although the pioportion of metalled 
roads to unmetallcd increased by *03, the average maintenance cost of the 
roads has decreased by Rs. 133 per mile or by 13 per cent. 

In obtaining these results gravelling as well ns the use of graders lias 
played the most prominent part. We have at present a fleet of twenty-one 
tractors, all of them caterpillar make, with their complement of graders, 
planers and triple i oilers, to maintain 1,878 miles of unmetallcd roads. 
The cost of the tiactors exclusive of that of gradcis, plaiicis and lolJers is 
about Rs. 14 laklis. All these machines had been purchased iiom tlic 
road maintenance grants and their cost was from time to time included in 
the annual maintenance cost of the roads. 

The main problem about the use and upkeep of these machines is 
proper arrangement for their repairs and oveihaul. 4Vb have suitable 



arrangement for tins, and our Mechanical Sub-division is able to carry out 
all necessary repairs in our own workshop. The establishment cost of the 
Sub-division is only Rs. U .000 per annum which includes one Mechani- 
cal Engineer on Rs. 725 and one Foreman on Rs. 130 per mensem and the 
necessary clerical establishment. Tlie cost of spare parts and labour 
in repairs is of course separate, and is debited to the road maintenance 
estimates. 

The a\cragc cost of one operation with the machinery over a mile 
length varies from Rs (5 to Rs 12, the cost being dependent upon the 
number of times a machine has to go o\er a particular mile, its distance 
from the machines depot and other factors such as the nature of the soil, 
the traflic and the rainfall. 

From these remarks, it would l»c clear tliat if the local bodies who 
have a large mileage of unmctallctl ro.ids to maiiit.un, mtiodiice the use 
ofioad maintenance machinery they will lie able greatly to impiove their 
roads without the need of additional grants. 

The difliculty with the local liodies. however, is that they are small 
units independent in their administration, ami the manner in which a 
well-organized and large department of Govetnnient can set about to 
solve its problems, it is impracticable in case of a local body to do so with 
its scanty resources and limited scope for work. 

I am aware of the problems which local bodies have to solve and 
difTiculiies they have to face. Lack of funds, lack of programme, lack of 
continuity in the policy of the board, very often slack supervision On the 
part of the chairmen, all these contribute towards neglect of the roads, 
deterioration of bridges in many cases for want of repairs, wearing out ol 
the entire metalled thickness of ro.nds, no funds being given for renewal 
costs, etc, such things are only too common. In such circumstances, 
teclinical advice can be of little avail, and the engineers or surveyors enter- 
tained by local bodies can have little entbusi.nsm in their work. It is 
hoped, however, that the drive for rural uplift and better communications 
^ villages, and the enthusiasm of Ministers in self-governing provinces of 
British India who hold the Local Self-Government portfolios, will bring 
about a change^ for the better and devise some means by which the 
activities of different local bodies in a province can be co-ordinated, 
programmes for impiovcment chalked out, and help rendered to such 
local bodies whose resources arc too limited to enable them to stand on 
their own legs. I mention this with the specific object that without this 
the introduction of the use of road machinery on a desirable scale will be 
ound to be difficult, and even when the initial cost of their purchase can 
be found, the knotty problem of their repairs and overhaul at reasonable 
cost and m good time, .-is well as that of keeping a stock of spare parts, 
cannot be solved by each local body for itself. 

I j ^sam we have endeavoured to solve this problem for the local 
boards, by encouraging the boardsto borrow the Public Works Department 
machines on payment of a daily hire. Such a solution is, however, 
impracticable in a province like the United Provinces, where. I under- 
stand. the Public \Vork% Department ha\-c no unmctalled roads on their 
00 s and consequently, haw no road machinery to lend. ^ 

1 he author of the paper has advocated the use of clay 9 inches thick 
on sandy portions. If clay is not available within a reasonable lead, the 
cost orthis would be tremendous. Our experience in Assam has 
*ot gravelling even when gravel is brought from a distance by train is 
Cheaper tluii coats of clay or sand used for stabilization of soil. Tlie 



minimum tiiickncss of gra\*el laid is H inches, the cost varj'itig between 
Rs. 15 to Rs. 25 per 100 cubic feet delivered at site. IVhcrc gravel is not 
asTiilable, broken stone of sufficient hardness can be used. 

Gravel has the further advantage of keeping off the main track 
bullock-cart traffic, ns the bullocks seldom prefer a gravelled surface to an 
earth one. 

I hope the points dealt with by me will be of interest to those who are 
endeavouring to solve the problem of maintenance of unmeiallcd road.s. 

Rao Sahib M. A. Rangaswami (Bihar): I should congratulate the 
author on his paper which presents in a lucid manner the problem of 
road maintenance in loc.al bodies. Rveiybody agrees with him that the 
unmelalled roads form the bulk of road sptem in rural areas and uiih 
the progress of education and raising of standard of living and other 
impiovements both economical and sodal, there is a consistent demand 
for improvcmenl of rural communic.ations, particularly of unmctallcd 
roads. With the limited funds awiil.able for road maintenance and 
the demand for greater improvement in road surface, the engineers, 
particularly the District Engineers who have to do lot of maintenance 
of District Board roads, have to face a very difliculi situation. In North 
Bihar, especially of Darbhanga District, the maintenance allowance for 
unmelalled roa^ is only an a\*eragc of Rs. 95 per mile. 

It is very essential to have roads das.si!icd — I believe they have been 
classified in many provinces— and in Bihar, the unmcmllw road* arc 
classified as class ll(<j) and 11(5) and III and IV class roads, .and minor 
village roads are classed as Loc.al Board “Daggars.” 

Class 11 (fl) leprcsents roads bridged and drained throughout and 
II (5) partially bridged and drained; class III is unbridged but 
moorum roads and cla«s IN’ banked roads arc partially bridged and Dir 
^^ealher roads only. 

In Darbhanga District the more important roads get Rs. 50 per mile 
and the rest Rs. 25 to Rs, 90 per mile, for maintenance, Tltis includes 
the cost of maintenance of cart tracks. For bridges and culverts, annual 
rep.airs a sum equal to 30 per cent of the allolmcnt under “ Communica- 
tions ” is set apart in addition to the surDcc repair amounts. 

The one chief difficulty is that the allotment under Civil Works 
“ Communications ” gets reduced ever^’year or varies and is on the decline 
and the mileage of unmelalled cl.ass III and IV roads increases rajjldly. 
tendency which is ruinous but which cannot be embed. This indiscrimi- 
nate growth of IV class roads tells on the m.aintenance of other class 
roads, as allotment lor such ro.ads being already inadequate, gets 
naturally reduced to meet the cost of maintenance, though of a poor 
kind, of the IV class roads which gel the increase. Roads, therefore, 
deteriorate for inadequacy of allotment which is already poor and becomes 
poorer year after year. 

Tlic essential iechnit|ue of maintenance of roads, as described in the 
pa|3er under discussion, is known to ever)- road engineer, but the main 
diificully. rather I should say, the problem Ijcfore tlic engineer is how to 
get funds for the normal upkeep of roads and how to stop the tendency 
of diversion of funds for other piirpi>ses. such as educ.ition. etc., from the 
funds normally used to be allotted to communications. Whenever any 
road is bad or the standard of mainirnancc is dcicfioratcd. the blame go« 
to the engineer and he is damned hut lliosc rcsponsihle for the uidisciiini* 
nate grow th of ro.ids and curtailment of funds get scot-free. 
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The next point touched is about the fixation of a certain minimum 
percentage to be spent on communications and although this is desirable 
the enforcement of sucli a practice will present vast diinculties, it being 
mainly an administrative concern. 

Especially in flood aflcctcd areas, as in tlic case of North Bihar, 
any raising of roads should be done uith due deference to its flood 
effects on neighbouring districts as well I have actual experience of 
a District Engineer raising a road m liis district, of course, providing 
watenvays as found necessary, but it spelt disaster in the nciglibounng 
district, which had not been appraised of such raising, svith the result 
that the roads and bridges in the neighbouring district were seriously 
threatened. \Vhat I wish to emphasise is that any raising ol roads should 
I - . 1 - . j, •, , . • •• . ... 'le particular locality but 

‘ question will have to be 
• districts. 

. ‘ ‘ ;rc labour is cheap, the 

maintenance of roads by gang system appears to be preferable. I have 
introduced the gang system in my district and the surface so maintained 
is appreciably superior. It provides employment to labourers and from 
this point of view, I should oppose the system ol grading with a mechanical 
grader. 

We have in Darbhanga District as practically all over North Bihar, the 
slow*moving traffic as bullock'Caris segregated from ihe fast-moving traffic, 
by providing what are called hch Special road patrols are engaged to see 
that carts run on licks only and infringers are prosecuted under the 
District Board bye-laws. Although ihb has considerably kept the slow- 
moving traffic on carl licks, still the system h very defective and requires 
considerable improvement as in most cases it becomes a source of 
nuisance and extortion to the village carimen. 

^Mr. Raj Mohan Nalh (Assam) J Rai Saliib Fateh Chand has 
in his interesting paper justly complained of poor piovision of funds for 
roads under local bodies. This is the cry evei y where. I know of a local 
board which has got about 400 miles of roads, mostly unmetalled under the 
management of one surveyor and two sub-surveyors with an annual grant 
of Rs. 29,000 only for general maintenance, including repairs to bridges 
and rrsthouses, etc. The position is gradually becoming more serious on 
account of many miles of roads being constiucted now out of rural uplift 
funds of the Central Government and then handed over to the local boards 
for maintenance. The Rai Sahib mentions on page 2 (f), para that the 
allotment for unmetallcd roads has been the first to be curtailed when the 
funds are required for any new expenditure/ This state of affairs can be 
stopped if I am allowed to say so by starting a Society for Prevention of 
Cruelly to Roads. 

With such meagre funds, provision of reserved side tracks for special 
traffic as suggested by the Rai Sahib, seems to be a luxury beyond the 
m^eans of the Public Works Department of many provinces, not to speak 
of local bodies. Moreover, to seek the help of the Re\’enue Department 
to enforce bye-laws for the use of the reserved tracks only by “ light and 
last ruiitnng” traffic even in the country area appears to be a \ery difficult 
problem, not of great practical value. 

Tlie idea of putting a 9-inch lajer of clay over sandy portions of roads 
IS no doubt good, but there may be places where ihc cost'of carriage of 
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about J8,000 cubic feet of day may go very high. The Rai Sahib has not 
given us any idea of cost. 

The idea of almost every local board is to lay out the minimum of 
money for road repairs but get the maximum of ser\’icc from the road 
surface. Mr. AH Ahmed, Superintending Engineer, has told you just now 
what we have been doing in Assam to improve the Katcha roads by a 
simple method, and make the road sur/arc p.issable to all sorts of tra/Hc 
throughout the wliole year. This is by gravelling a 10 feel width of the road 
with a uniform U-inch coat of shingle, j-inch to IJ-inch gauge. Where 
the surface is very sandy, the gauge may be increased to J-inch to 
I| inches. Natural liver-bornc shingle, quartzite or sandstone is the 
best ; but in places where these arc not available, stone broken to the 
above gauge in a granulator or by hand is the second best ; the hand- 
broken .stuiT makes the road surface a bit rough. 

It may .sound paradoxical to many that road which during 

the r.niny season becomes muddy, and during the dry season sandy can be 
dealt with by a poor coat of gravel of IVinches thickness to any appreci- 
able .advantage ; but shingle laid on the road surface after properly 
cambering it (2 inches in tt) feet width is enough) at the right moment 
gives e.NcclIent results. What is aime<l at is not a thick .solid bed but an 
impervious solid crust In a sandy ro.nd, after a shower of rain, when the 
sand has just been killed, before the monsoon re.alJy breaks, the shingle 
is to be spread up .u once. In a clay toad shingle should be laid about 
the same lime, but before the sub-soil becomes too soft Too soft or too 
dry suifacc is not good .at all as the shingle ^vill simply be lost Shingle 
laid on the pioper smiace .at the tight moment combines with sand, clay 
and dust, and under the thrust of iiallic foims a kind of impervious carpel 
that keeps the road surface in fact. 

I had the opportunity of dealing with a few hundied miles of roads 
which during the rainy season usetl to become a deep bed of sticky mud, 
and in the dry season a thick cushion of sand —both terrors to traffic ; but 
a thin CQ.it o( G,G0U cubic feet of shingle laid generally before the monsoon 
broke h.is now made these roads ple.asant dri\ os throughout the whole year. 
Of course, the initial coat followed by annual supply of shingle for patch 
repairs or renewal coat of 500 cubic feet to 3,0U0 cubic feet per mile as 
occasion demanded were necessary. Tlie method is now folloived all o\er 
the Province of Assam. 

Ordinarily, shingle laid on the road is rolled by traffic, the labour 
gang on the road s • • • • • • 

run out to the sides ; • ■ 

by Mr. A. A. Barn: ' • . * • ■ . . ■ 

factured by Messrs. B ■ 

been found to be quite good. Such roads have been found to carry 
an average weight of 30 tons per yard width per 24 hours near a lea 
garden area and the rainfall varies from 78 to 105 inches a year. 

Tlic cost per mile is calculated at Rs. 5 per lOO cubic feet for collec- 
tion at the quarry, Rs. 1-4 per 100 cubic feet per mile for carriage, and 
Rs. 0-12 per 100 cubic feet ■ • " ■ • • *'' 

being Rs. &00 to Rs. 1,601 

the road is one mile to 10 - ■ • . , . 

such a coat is at least four j'ears, and the average maintenance cost is 
Rs. 5?)2 per mile, including patch repair and renewal coat of gravel as 
occasion dcinahds including grading and pinning the road with a tracior 
fr<im time m time to bring the road suriace to proper camber. 
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Mr. U. J. Bhalt (Bhavnagar State) • I jusi lisc lo draw attention 
to paragraph nine of the Paper. The .luthor lias used the idea that 
sand could be improved by adding clay. In Assam clay could be improved 
by adding gravel. In our Slate we liavc a programme lor hundreds of 
miles of unmctallcd roads. The Honourable Raja Sham Raj Rajwant 
Bahadur in his inaugural address drew pointed attention to tlic need 
for improving unmctallcd roads. My suggestion is that we should work 
out data relating to the proportion of clay. sand, etc . for use on unmctallcd 
roads. It is particulaily gratifying to note that the Government of 
India have appointed a Soil Physidist to help the Road Engineer. By 
combining a knowledge of the science of soil mechanics and then 
devising methods and correlating them we can give engineers a reliable 
guide to improve the soil for unmctallcd roads I myself carried out 
some laboratory and field cxiicrimciits and shall be glad to present 
the results of these experiments at the next Congress It is absolutely 
essential that we should know much mure about soil characteristics 
than we do at present if we arc really to improve the condition ol 
unmetalled roads m this country 

Mr. Syed Arifuddin (Hyderabad-Deccan) 5 Rai Sahib has 
brought to notice in tins paper the importance of paying attention to 
less important unmctallcd roads and has shown how they can be 
improved and has c.xplaincd the important points which require special 
attention in the improvement of these roads 

There arc a lew points in connection with this paper I should like 
to speak on. 

With rcgaid to the sue of the borrow pits Rai Sahib recommends 
that these should be of uniform sue and shape I find in practice that 
unless the (juamuy required is very small, it is not practicable to have 
borrow pits of uniform s^^c all .along the road as the quantity requued 
vanes from place to place. I prefer to insist on having a uniform width 


to Is feet for selected and 10 to 12 feet for unsclcctcd roads In iny opi- 
nion the minimum width should be that which will allow cars to pass at 
slow speed without the necessity ol any of tlicm coming lo a dead slop 
qiiis can be fulfilled by a width of at least 1-1 feet I would, therclorc, 
recommend a minimum width of 1 1 feet between the parapets for less 
iinportant roads and a width of 20 Icct for more important roads which 
will allow cars to cross each other without reducing speed. 

With regard to road widths he recommends 15 Icct foi unimpoilani 
and 2u feet for more important roads. 15 feet, in my opinion, is much 
loo Small for any future road. No road, however unimpoitant, should be 
less than 2l feel and more important roads less than SO feet in formation 
In the past, engineers used lo consider a bank as very impoitant. These 
ideas arc changing hist. Before the advent of automobiles slow traffic 
was not inconvenienced by numerous changes of gradients in short bits, 
i he fast liaffic lias altered the design completely and we do not want so 
many changes of gradient. If we adopt the old policy of taking the 
road in banking generally 11 x 2 shall have lo allow numerous gradients ol 
<nnr. , . , , . ' or will have to go in for expensive 

■ • dients. Tins trouble can much 

’ ■ ' ■ . ■ ■ ^ • road in cutting and banking freely 

so as to reduce the cost of formation of the road to a minimum consistent 
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with the importance of tlie road. I. therefore, agree wltli Rai Sahib 
that unnecessary raising should be avoided. Tliere is one point whicli I 
should like to make clear in this connection. Some engineers are undei 
the impression that if a toad is taken in cutting or on natural ground 
the drainage of the sub-soil bccotiics veiy defective. In my opinion, 
the solution of this liouhlc lies in having elTcclivc side drains. 

In the opinion of the author of ilie paper soil consisting of more 
than r>() per cent of the sand is not suitable, or in other words the less 
the sand the belter j this may be true for the sandy soils met with 
in the United Provinces but my c.xpct-icncc of tlic soils obtained from 
the disintegialion of rock, particubrly granite, and gneiss is quite differ- 
ent. I find that the greater the grit in the soil the better it is for 
hanktng. I have made a very effective road on a bank consisting of 
black clay with rocky moortim which conl.iined less than 10 per cent 
clay. This is particularly applicable to all kinds of soils which arc 
not of sedimentary form.ition. Even the disintegrated trap makes a 
good bank il it contains small pcicciitagc of clay. 

Rai Sahib has touched on a few point.c of the maintenance of metalled 
roads as well as the question of budget allotment for district roads reser\ing 
his important vie\« for some further occasion. I should have reserved what 
I wish to say now until I have ' ‘ ..... . jjjjnking 

that my views may create nt aken the 

Iibfity of mentioning them her surface 

is ncCMsitatcd partly by the wearing away of the metal and partly by 
the surface becoming uneven due to impact of load, etc. Reconstruction 
isgencially done at an interval of five or six years but the surface usually 
gets disturbed in three or four years. To maintain the sui face in good 
condition for five or si.\ years is generally a difficult task. As an alterna- 
tive to heavy patch work I would prefer to rake up the whole metal 
after thice years by sacrifier. regrade and consolidate it with an addition 
of very little new metal just enough to fill up the hollows and to give 
it the necessary camber, if required. This operation will keep the road 
surface in good condition for another three years at the end of which it 
can be reconstructed with inches of nctv metal. -I have conducted 
tins experiment on a small portion of a road and found it satisfactory 
I find lh.it this is the best and very convenient wayofkecping the load 
surf.ice in good condition for six years. It might be possible to do tins 
operation, adding a little mclal. once in lour years, and tlie recon- 
struction once in seven years, to reduce the cost. However, this idea may 
be tried on a large scale and if proved successful, might be adopted. 

With regard to the allotment of maintenance grant the general 
tendency is to fix one rate per mile for all the roads of the same type. 
What I consider the best policy is to determine the cost of reconstruction 
mile by mile, taking the lead of material into consideration, fix a sum 
which will be sufficient for the reconstruction of the whole road during the 
period fixed for it- Tlie Engineering Department should be able to draw 
annually as mucli as is required Ibr llic completion of the programme ol 
reconstruction of th.it year. This system will niter the grant of .i road per 
mile for different roads which will be more in keeping with the actual 
fact. 

Once a grant is fixed for the whole road foi a given period, il is 
immaterial financially how this is distributed over the period. This 
method is applicable to moorum as well as metal roads equally and might 
rcsiiU in better up keep of tlie roads 
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Mr. S, G. Stubbs (President) t In tlic Punjab we have hundreds of 
miles of sucli roads. We do not use fresh metal for repairs but merely 
repaint. 

Mr. A. Nageswara Ayyar (Madras) : Almost .nil unmet.nllcd roads 
in the Madras Presidency arc in charge of the local bodies except for a lew 
miles of roads in the ghat sections. 

The proportion of metalled roads to unmctallcd roads is very high. 
About 80 per cent of our roads are metalled. 

Mr. S, G. Stubbs (President) : Presumably this is because the cost 
of metal is very low in the Madras Presidency, 1 suppose. 

Mr. A. Nageswara Ayyar (Madras) : No. It is because the people 
will not ha\e unmctallcd roads. I have heard one of the speakers say 
that in Assam the cost of road works out at about Rs, 1,0(*U per 
mile. In Madras the average maintenance cost of metalled roads is only 
about _Rs. 200 per mile. The thickness of the metal layer rarely exceeds 
■i or j inches. In arc.n5 of black cotton soil a layer of about 4 to 5 inches of 
gravel is laid directly on the bUnck cotton soil and lasts for about two to 
three years with a fairsurf.icc. If on top of this a layer of about 4 inches of 
metal IS spread the road lasts for many years longer. At the present time 
there are about 25,000 miles of metalled roads in the Madras Presidency. 
Tlie clamour for more roads is so great that we arc unable to find funds 
for them. 

In our experience we find that earthen roads should be raised some 
height above the side drains. 

Mr. S. G. Stubbs (President): If the side drains are kept open then 
there would be no need to raise the road level. 

Mr. A. Nageswara Ayyar (Madras): Ves. The author of the 
paper has advised the laying of about 0 inches of clay over sandy subsoil. 
1 hnd that about three to four inches of gravel is the best. If clay is used 
at all it should be only a l<av indies thick and not as much as 0 inches in 
thickness. In the East Godavari Distiict 1 ha\c found that 4 inches of 
gravel over a sandy base is very successful. 

Regarding the use of road graders the gentleman from Assam has said 
that they have been used very successfully in Assam. But our experi- 
ence in Madras is quite different. We find that graders cannot be used 
\ cry usefully. On the whole it is cheaper to use manual labour. The 
scope for the use of graders in an economical manner is quite limited, 
perhaps because we have no lai^c mileages ofunroetalled roads. 

Mr. A. Lakshminarayana Rao (Masulipatam): I did not 
want^ to speak when the paper was presented. But a number of 
questions have been raised during the discussion on points which are 
not referred to in the paper and I. therefore, feel compelled to say a few 
words. There is a strange suggestion on page 3 of the paper. I can 
understand that bridges cost proportionately less when the width of road- 
way is reduced. But it is not so in the case of causeways. The conditions 
of tmflic today arc not what they were a decade ago, and the conditions 
of traffic ten years hence will not be what they arc today! Suppose 
there is a sandy stretch over which a causway has to be built. We 
must look ahead when designing such a causeway. ^Ve have to remember 
that it is Very unwise to consider conditions obtaining at the time the 
design is made. A l2Toot causeway may .suit conditions of traffic at 
the time of design but may be completely unfit for conditions ten ^ears 
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hence. The difiercncc in cost between an l8-foot causeway and a l2-fcot 
causeway is not very much. It is, therefore, undesirable to construct 
narrow causeways which will not allow two lines of traffic to pass. 

Regarding earthen roads, the author seems to think that because we 
have a large mileage of earthen roads now it will be so always! {laughUr). 
India is advancing so rapidly that in twenty years earthen roads may be 
discarded and converted to metalled roads. We build our roads not 
merely as earthen roads but as roads which can in course of time become 
metalled roads, asphalted roads and concrete roads in stages ! {Jaughlcr). 
On all sides we are hearing of the increasing importance attached to the 
villager and villages. The gentleman whom we now call as the villager 
is becoming greater in importance every day and will perhaps be the 
Honourable Minister of tomorrow and direct policies of Government. So, 
to look upon earthen roads as though they are going to be so for all time, 
is not quite the wise thing to do ! It is common experience that roads do 
not last long unless they arc raised at least about 2 feet from the surround- 
ing level. But conditions differ in different places and it is not possible 
to lay down cut and dry rules applicable to all conditions- Each case 
will have to be decided on local conditions. One gentleman says that 
sand should be spread over clay, another says that clay should be spread 
over sand, another says that gravel should be spread over sand or clay, 
one says that the layers should be 9 inches thick and another says that 
they should not be more than 4 inches in thickness . . . {laughter). This 
only shows that local conditions arc the deciding factor. TJiere is there- 
fore absolutely no meaning in trying to evolve a common formula appli- 
cable to all places. There are some places where the loose surface, 
presented by sandy soil is a great problem. On the other hand there are 
places where it is quite a difficult thing to get sand. One collector in 
charge of such a district humorously remarked, that in that district it was 
easier to get gold than sand or stone. 

^Vilh reference to the use of road graders, I may say that I ivas in 
charge of one of these graders for some time. I was an enthusiast about 
the grader. The success or failuie of a grader depends very much on 
the distribution of the rainfall in a parilcul.'ir area. 1/ there is a rainfall 
of about 30 inches within three months then the grader can be used 
successfully. But if the same rainfall is spread over si.x months then the 
grader may not be of great use. Thus, success of the grader also depends 
on local conditions. 

Captain R. C. Graham. (N. W. F. P. ): We have so far heard a 
number of speeches on this paper, but, in my opinion, we rather seem to 
have missed the boat ! The Paper is on " Roads under local bodies and 
how to maintain them.*’ We all perhaps know how to keep a road in 
condition. But wc also know that to maintain roads satisfactorily the first 
essential is money. I suggest that our Council should induce the Govern- 
ment of India to bring pressure to bear on the local bodies to set aside a 
fixed percentage of liicir income for expenditure on roads. The revenue 
officers in the districts know the exact income of the local bodies and 
what their income should be. It should not be difficult for the Govcrn- 
mcntoflndia to evolve a system whereby a fixed percentage of the 
income of local bodies is automatically earmarked for expenditure on 
roads. The percentage may be fixed according to the resources of the 
local bodies concerned. 

Mr. G. B. Vaswani (Sind) ; I am of opinion that the rural people 
have become road-inindcd. They want metalled roads. They do not 
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want bullock-carls and earthen roads to be provided for them. Improve* 
ments to local roads can only be done by taking a bold policy and apply- 
ing for a loan. Karachi Municipal Corporation adopted this procedure 
and had all its roads covered with asphalt by raising a loan of Rs. 3 lakhs. 
As a result the roads have definitely improved and in the end it has 
proved cheaper to the Corporation. They would have spent more on 
maintenance, had they continued their old road policy and spent their 
usual allotment on their maintenance. Therefore it is cheaper in the end 
to adopt a bold initial policy. 

Mr. E. A. Nadir Shah (Bombay): Only two classes have been 
mentioned (1) Unmctalled Raads and (2) Metalled Roads. Surely time 
has now come when the local bodies should have the third and more im- 
portant classification, viz., road surfaced with asphalt or concrete, as by 
increase in mileage of this classification, there is bound to be low mainten- 
ance cost and belter type of surface suitable for modern trafiic will be 
provided. 

It is a great pity to find that Road Maintenance Funds have been 
reduced as much as by bO per cent instead of a substantial increase and 
the road engineers either in a body or individually should e.\ert most to 
get more funds or improve road conditions particularly when income 
from road users is far more than what is spent on roads. 

On page 2, the author says 20-fccl width should usually suflicc. May 

I suggest that to provide enough room for two lanes of traflic according to 
modern practice, it should be increased to 22 feet, i.e., 11 feet for each 
lane. For one lane of irafTic 13 would do as, when overtaking or passing, 
one of the vehicles will have to travel on the berm for a short time. I may 
here mention that the IvIinUtry of Transport suggest a minimum of 20 feet 
but looking to our conditions in this country 22 feet, I think, should be 
the minimum for two lanes. 

I may refer the author and those interested in road building with 
tractors and graders to a very interesting and instructive pamphlet 
issued by the Indian Roads and Transport Development Association on 
this subject (Pamphlet No. II) wherein reports from various parts of 
India such as Indore, Baroda, Punj.ab, Assam, Southern India, etc , regard- 
ing cost of road building with tractors and graders have been given. 

On page 3, the author says that 14 feet to 18 feet width lor selected 
and 10 feet to 12 feet for unselecled roads would do. In old days when the 
cost of bridge construction was very high, this practice of narrowing a 
roadway at and on the bridge was followed ; but in modern days when the 
^he bridge can be increased for a comparatively small amount, I 
think the width of the road on a bridge should be same as at other places. 

I entirely agree with the suggestion made by the author in paragraph 

II on page 4 of the paper regarding segregation of traffic. 

p,, B. Gilbert (Chairman): Before caliing upon Rai Sahib 

raten Lehand to reply, I would say something about the paper mysclt. 

I wish to refer to a suggestion made by some of the speakers that a resolu- 
tion should be passed requesting the Government of India to have pressure 
brought to bear upon the local bodies to set apart a perceniage of their 
income for expenditure on roads. It must be remembered that Provincial 
Autonomy has been introduced. Any suggestion from the Government 
of India that pressure should be brought to bear on local bodies would be 
resented and do more harm than good. 

^.^Rai Sahib Fateh Chand (Author): I find my task rather a 
dulicult one because several memlwrs lia\c ofTcred their cnticisms and 
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raised many new points while the time at my disposal is very short. 
Most of the speakers have laid stress on tlie fact that most of 
the local bodies suffer Irom lack of funds. I wish the local bodies 
all over India had at their disposal the mighty resources of the 
Hyderabad State. In the present state of finances of the local bodies 
no progress is possible. Various suggestions have been put forward to 
improve matters. One such is to bring pressure on the Government of 
India. As has been pointed out by Mr. Gilbert, that may not be possible. 
Another suggestion has been to start a society for the prevention of 
cruelty to roads. In fact, I think, the Indian Roads Congress itself should 
act as such a Society for the prevention of cruelly to roads. 

Our duty as engineers is to prevent these roads from becoming death- 
traps. In many places, for many years, many miles of roads liave not 
been attended to at all. It appears to me (hat something can be done by the 
Indian Roads Congress at least in suggesting to the various provinces that 
they should have a certain percentage of their income earmarked for the 
maintenance of roads. The difficulty with the local bodies is that they do 
not know how much they should spend every year. If a census is taken, 
it will be found that the value of lives lost is much greater than the 
amount saved by not repairing the roads in time, and the money spent on 
the reconstruction of these roads and their maintenance is much more than 
what it would be if a regular programme was adopted in regard to these 
roads. 

Another point is about the method of maintenance. Several members 
referred to the raising of the roads above the surface level. When I went 
on horse back I found that these raised roads were quite alright. But 
when I went in a motor car, I found that the worst portions of the road 
were those which had been raised. When for the first time I went to 
the Punjab, where Mr. Stubbs is the Chief Engineer, he said that the 
road should never be raised and the original surface was the best for 
motor traffic. It looked very strange, but when I came back to my 
district I found that I had been wrong. After an experience of eighteen 
years in road making, my opinion is that the raising of roads should not 
be carried on beyond certain limits in places where there is no danger of 
water-logging. The surface should be raised wcU above the flood water 
level and properly drained. 

There has been a lot of discussion about the width of the road. Some 
members have observed that 20 feet is not sufficient. I say it is a 
necessary evil that you have to adopt. It is simply to make the roads 
passable during floods. My experience is that the raising should not be 
more than 20 feet in width. There are several roads in the interior parts 
of the districts over which you cannot pass through. Even bullock-carts 
cannot pass through. So long as we have got such roads, it is necessary 
for us first to make these roads passable. The width can be increased 
aftenvards. On principle also, I do not recommend the increasing of 
the width or the height of abutments beyond a foot above the flood 
water level. 

I will ne.xt come to the question of the improvement of the surface. 
One of the most successful surfaces is clay. Clay is available everywhere. 
Villagers everywhere take earth for the construction of their houses. 
■What is required to maintain clay surface is to just put in 2 to 3 inches of 
sand over it and after a few years again put 3 to G inches of clay to 
maintain the original thickness of9 inches. I quite agree that where clay 
is not .available, gravel c.nn be used with advantage, but the cost will be 
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very great. Clay costs Rs. 1 per 100 cubic feet only against Rs. 12 per 
cent cubic feet for gravel. \Vc have tried “Kankar” tracks, but' these 
have proved a failure. 

The main criticism oflcrcd abotxt the graders is that (hey cost 
enormously initially. The main consideration should be the maintenance 
of roads at the cheapest cost, but if the cost can be reduced no other 
consideration should stand in the way. 

Another point is .about the staff and the co-ordination of activities. 
There should be some provision for minimum staff. Many of the districts 
have not sufTicicnt or efficient staff. It should be provided for according 
to standards to be laid down by the Indian Roads Congress. 

Orie of the speakers suggested that it was difTicult to make borrow pits 
of a uniform section as more earth might be required in one place than in 
another. For this purpose the dimensions of tlie borrow pits should be 
calculated according to the actual requirements of earthwork at each 
point, but all the borrow pits at the point should still be made of a uniform 
size and shape determined for each place. I lay special emphasis on this 
point because I have come across not hundreds but thousands of cases in 
which the contractors have tried to take advantage of some existing 
depressions or old borrow pits insucha way as to leave the tattts and matams 
at some of the highest points only or in place of the old ones where they 
might not have been completely removed on previous occasions. 

I have suggested that causeways should be provided if sufficent funds 
are not available to construct bridges of sufficient watenvays. It is very 
important that the point of the adjoining country not becoming flooded 
and damaged, should always be borne m mind, As Captain Hall has 
suggested, some of the local bodies may not care for the safety of the 
adjoining districts. For this it should be possible to take action under the 
law, which should allow payment of damages equal in amount to the loss 
actually caused. » 

For light traffic it is impossible to prevent formation of patches and 
nits so long as the bullock -cart is allowed to go over it unrestricted One 
r necessarily the centre of the road can and should be reserved 

for light and fast traffic. It is an absolute necessity, not a luxury, in the 
case of important unmetalled roads at least. This is possible, without any 
ap^eciablc expenditure, through the existing Public ^Vo^ks Department 
staff, with the co-opcration of tlic Revenue and the Police staff, who are 
equally interested in the matter ; but it is necessary to frame suitable bye- 
laws before resorting to reservation or inviting the assistance of the 
Revenue or the Police staff. 

• r body is to make its roads passable. It 

reason that I have suggested the minimum width consistent 
With the safety and convenience of the traffic that passes over it. I 
nave noticed bridges on first class metalled roads of the minimum width 
suggested by me for unimportant earth roads over which a car or a 
motor bus may not be required to pass more than a dozen times during 
r of twelve months. It has been suggested that times are 

last Changing and the width should, therefore, be such as would be suitable 
lor the motor traffic of the future. As time advances there will be 
greater and greater demand for additional mileage of katcha roads. All the 
cart tracks of today will eventually be turned into earth roads and the 

oemand of the traffic would be to make these roads passable at all limes 
of die year. For this reason it is all the more necessary that the width 
of the embankment, bridges and causeways should be the minimum 
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required for the traffic that usually' uses or is likely to use it in the near 
future. In the specifications for bridges issued by the Indian 
Roads Congress the ^vidth of 10 feet for one line of traffic has been 
suggested. My suggestions are based on this recommendation. In the 
case of very important unmetalled roads where a double line of traffic 
might be expected, the width of the bridges can be increased to 20 
feet as suggested by me already for embankment. I recommend the 
same width for causeways as for bridges, because the extra width is un- 
necessary and the two long walls of the causeway can later on be ufilired 
ns the curtain and wing walls of the bridge. 

Some of the speakers have suggested a thin coat of metal in place 
of clay or gravel. Metal laid on sand or weak foundations does not 
stand and when broken up makes the surface most inconvenient to travel 
on. Coal dust with or without molasses can be used with better 
results and at comparatively lower cost, where clay or gravel is not 
available. 

Standard Specifications and co-ordination of activities are most 
essential as some of the speakers have suggested. 

In the end, I (hank the various speakers for the very keen interest 
they have displayed in this paper and for the valuable suggestions made 
by them in connection therewith. I particularly thank Mr. AU Ahmed, 
Superintending Engineer, Assam Public Works Dep.irtment, for Jus most 
valuable contribution on the subject. 




Paper H. 

Mr. L. B; Gilbert (Chairman): I would c.\Il uijou Mr. Ian A. T. 
Miannon lo iniroducc his Paper on “ An Aspect of Trafiic Statistics.” 

The following paper was then taken as read 
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AN ASPECT OF TRAFFIC STATISTICS. 

By 

Ian. a. T. Shannon 

CJo Bumah-Shell Oil Sloragt & Dhlnbuling Co. of India Ltd , Madras. 


1. _ In this short paper the writer -has not attempted to propound any 
theories or rules for the analysis of traflic statistics but it is his object to put 
forward for consideration the suggestion that the Test Track at Alipore 
should be utilized in .an endeavour to reduce to some common ground the 
correlation of traffic statics in so far as they affect road surfacing, a 
<juestion which, it will be admitted, is of much interest and importance to 
all concerned in the design of road surfacing 

2. The importance to the road engineer of statistically examining the 
traffic which the roads under his charge have to bear, is now generally 
recognised, and three very detailed and instructive papers on this subject 
were presented before the second Indian Road Congress held at Bangalore 
in January, 193C, viz. Papers Nos. 14, 15 and 16, by Mr. R. L. Sondhi, 
Messrs. H. P. Sinha and M M. Abbasi, and Lt..Col. IV DeH. Haig. 
Since then there has been, at any rate, in the Madras Presidency, a much 
increased recourse to traffic statistics in connection with road surfacing 
proposals. 

3. There are a number of directions along which traffic statistics can 
as a valuable guide. Data regarding tlie number and types of 

vehicles using a particular road will assist in deciding upon improvements 
such as increasing carriageway widths, creating dual carriageways, 

by*passing towns, etc., and i ’ ^ ig ^ 

fairly straightforward matt • )f traffic 

statistics, i e., their use to ts most 

suitable, in the light both of eventual economy and current financial condi- 
tions, is a much more complicated and uncertain matter That this is so 
was made clear in the three papers read at Bangalore, already referred to, 
and in the discussion to which they gave rise. 

^.I^thods of taking traffic statistics may vary in different parts of India, 

1 essence is the same, i c , to ascertain the number and weight of 
ve icles^ using the road under observation. In Mr. Sondhi’s paper a 
was given of a very detailed and complete census taken around 
IMhi. This census was not taken solely to provide information in connec- 
tion With road surfacing and had this been the case, possibly it would have 
licen thought sufficient to take counts of ’buses and lorries and steel-tyred 
tr.-diic only, for it is generally agreed that the damage caused by the other 
vehicles, i e , pneumatic-tyred and SNOoden wheeled types are at 

Morst capable of solution by comparatively inexpensive methods. 

5. On this basis we arc left with the evil of the action of ’bus and 
lorry traffic combining with the action of steel-tyred traffic in various 
^Glumes and proportions. No method seems to have been >et evolved for 
deciding with any degree of accuracy what types of surface are required 
tor roads carryine different v'olumes and proportions of these luo 
iinin tjpes. 
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6. At one end of the scale a vcrj' small volume of steel-tyred traffic m'lh 
a large volume of ’buses and lorries can safely be provided for by surface 
dressing the ordinary waterbound macadam construction. At the other 
end of the scale a similar volume of 'buses and lorries but with a greatly 
increased volume of steel-tyred traffic will necessitate either high initial 
expenditure on a heav’j' duty surface or frequently recurring expenditure 
on maintenance if the road is to be l:ept in good condition. Between 
these limits, which might, purely for the purpose of illustration, be taken 
at 500 total tons of ’bus and lorry traffic and 100 tons of steel tjTcd 
traffic per day at the low limit, and over 500 tons of ’bus and lorr>’ traffic 
with over 1000 tons of steel tyred traffic at the high limit, there lies a 
range of volumes and combinations that it is at present almost impossible 
to cater for with any considerable degree of accuracy as to probable life. 

7. Possibly the most satisfactory way available at present of dealing 

sv’ith traffic census figures, in so far as they are applied to the selection of 
methods of surfacing as opposed to design of lay-out, is to ignore the 
pneumaiic-tyred traffic altogether, c-xcept in the case of exceptional counts, 
and to set arbitrary limits for the total weight that each group of specifi- 
cations, \iz, Surface dressings, thin carpets, medium carpels, slabs, etc., 
can be expected to carry without the maintenance charges becoming 
Uneconomical. (The writer considers that total tons as taken abos'e is of 
more value than tons per >ard width owing to the fact that a consider- 
able proportion of the surface of roost roads is not utilized b> stceJ-tjred 
traffic.) This s>stem is, however, a arbitrary one and with the 

adsancement of the science of road making, as marked in India by the 
existence of this Congress, it should be possible to de\ ise a more accurate 
method of appK ing traffic census figures in the design of road surfaces. 

8. The netv Test Track at Alipore is to be used, it is understood, 
primarily to test, under as near an approximation to actual conditions ns . 
can be devised, the wear of diflerent types of road stone, both in water- 
bound macadam and as blindage for surface dressing under steel and 
pneumatic t\res. Presumably a natural development of this will in time be 
the testing of difTcrcnt t> pes of binders, carpets and slabs. IVouId it not be 
possible, while this is in progress, further to extend the scope of the Track 
to embrace the analysis of the comparative wear caused by the main types 
of loading, viz., on steel tyres and on pneumatic tyres, met with in this 
country ? That this has not been done, to the best of the writer’s belief, 
in England is probably due to the fact that wheel loadings in England, and 
on the Continent, are largely of t)pcs which can be reduced to an 
easily comparable basis. The problem of the stcel-tjred, loose axled, 
heavily laden, animal-drawn cart is essentially Indian, and the correlation 
of the wear caused by this type of traffic to the wear caused by other types 
of vehicles using Indian roads is a problem to be solved in India. If the 
Test Track could be used as a medium to establish “ co-efficients of wear ” 
for stcel-iyrcd and other types oi traffic it might be possible to reduce 
traffic statistics to a formula based on the volume of different types with 
their “ W’car co-efficients ” which would produce a “ wear factor ” which 
could be considered in the light of the wear results obtained on the Test 
Track for the various specifications tested. 

9. There are two further points which have bearing on the considera- 
tion of traffic statistics in so for as wear results arc concerned, which 
the author would like to touch upon before concluding. These are 
camber and width. 
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10. The question of the most suitable camber to adopt when improving 
road surfaces is one which is receiving considerable attention in Madras 
Presidency just now. Opinions vary, but it seems to the writer, that 
where there is any considerable volume of animal-drawn traffic, the 
camber of the road should be as flat as possible, consistent with the adequate 
drainage of surface water. The reason for this is that, when the camber 
is steep, on district roads, bullocks have a definite tendency to hug the 
crown of the road, with consequent tracking and exceptional wear alone 
defined wheel-tracks. Near towns and elsewhere where there is conti- 
nuous, or nearly continuous traflic in both directions, the bullocks cannot 
hug the crown but if the camber is steep, they will tend to the reverse, to 
hug the edges of their respective sides of the road, with similar tracking 
and exceptional wear along these tracks. If the surface has a compara- 
tively flat camber, there is less advantage for the single line of bullock-carts, 
in hugging the crown ; and less centrifugal throw towards the edges for the 
double line of traffic. In consequence, the bullocks use a greater area of 
the road laterally, with more widespread and less damaging wear. 

11. In regard to road widths, the question is a thorny one, and closely 
allied with the question of the provision of separate and differently 
surfaced lanes for slow-moving and fast-moving traffic. It would seem 
that where ease of travel is not the most important factor, i.e , such as 
roads where the main problem is to provide a suitable surface 
to accommodate trafEc consisting lai^cly of bullock-carls, ivide roads give 
more scope than narrow ones for tracking and accelerated wear along the 
tracks, which necessitates the renewal of a much larger area of the road 
surface than merely the width of the wheel tracks. On one of the main 
arterial approaches to Madras City, the road has a surfaced width of 
fifteen feet only, yet the wear here compares very favourably with other 
similar but much wider stretches of road, where the bullock has betaken 
itself, as it cannot do on the narrow road, to tracks at the sides. It would 
be interesting to have a length of heavily trafficked road kept under obser- 
vation in a number of sections, svith the widths in each section reducing 
from, say, thirty feet in the first to fourteen feet in the last. The com- 
parativc wear in each section could then be considered in the light of 
initial cost and convenience to traffic. 
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Discussions on Paper No. H. 

Mr. Ian A. T. Shannon (Author) : It is with some difildcncc that 
1 introduce a paper uhicli is so devoid ofinrormaiion. \Yhen writing it. 
however, I did so not in an endeavour to imparl information but 
in the hope that it would give rise to a discussion from which information 
could be gleaned. 

There arc two particular rc.*isons that have prompted me to send in 
this brict paper. Firstly. 1 had a conversation with ilr. K. G. Mitchell 
when he visited >Iadras a few montlis ago. in the course of which 
I mentioned to him the points that I have now included in this paper. 
Within a few da^s of his return to his headquarters. I had a notification 
from Mr. Jagdish I’rasad that my name had been put down for a paper 
for this Congress. I was, one might say, given no option. 

Lastly some ^cars ago, 1 was called upon to give technical evidence 
in what was known a " The Malabar Bus Case.’* It was a criminal case 
and I spent four hours in the witness box. For two of the four hours the 
prosecuting counsel tried to make me swear that buses do more damage to 
a road than bullock car*" • * ■ * • 

counsel endeavoured to • • • ; 

to roads than buses cl ", 

gentlemen but the occasion has left me with a keen desire to know more 
about the relative damage done by these mam types of traflfic and their 
various combinations and I sincerely hope that this paper will lead 
to a discussion which will give information on these points. 

Mr. A. Lakshminarayana Rao (Madras). I beg to raise some 
points. Is the intensity of traffic one of the factors m the destruction 
of roads or will the same volume of traffic during a shorter period have 
a greater destructive cfTcct on road surface than when it is distributed 
over a longer period ’ This question decides whether traffic census should 
be taken when ibe traffic is high or of average intensity. It is apparent 
that the intensity of traffic destroys roads and not the average traffic 
over long periods as might have been observed by most of us just after 
festivals when there is heavy traffic and the roads arc easU\ destroyed. Is it 
then necessary for us to find the peak trafiic on the road during the heavy 
season or IS it tlie average iraflic that counts in the mailer’ Because 
we design our roads for a particular traffic, this has become all the more 
necessary. There are places which will also be m your view, where the 
traffic during the intensive season will be about a thousand tons and 
during the lean periods about hundred tons. Is it desirable to design a 
road lor 100 tons or for 1,000 tons? I beg to be enlightened on these 
points by members 

Captain R. C- Graham {North-West Frontier Province) ; I have 
no criticisms to offer about this paper, but I want to tell you what we 
h.avc tried in the North-West Frontier Province. We have m.Tde our 
roads absolutely flat. That has been more successful. However, the 
berms must conform with the outline of the roads and it is a difficult 
matter to make the local gangs believe that the berms will have to Ire 
built to conform with the slope of the road and the contours of the 
locality. 

Mr. C. D. N. Meares (CalcuUa) In para 8 of the paper it is stated 
that the new Test Track at Alipore is to be used to test the wear of 




Thursday, January 6, 1938. 

i*ai*i:r i:. 

TIic Ci>ngrc&s rc.ts^cmhlal at llic: Acldm’i Hall, Osiii.inia Uiiivirbily, 
at a in. on Thursday, January G, liUS, with Mr. S. G. blubbs, 
President, in the Chair. 

Mr. S. G. Stubbs (Prcsidcnl) : I call upon Colonel G. li. Sopwith 
to take the chair during the discussion of the nc-M group of papers. 

Colonel G. E. Sopwith took the chair. 

Colonel G. E. Sopwith (Chairman) ; I c.ill ui)oii Mr. Jagdisli 
Prasad to present the Paper on “ Safb Wheel Loads for Indian Roads” 
by Messrs. K. G. Mitchell and Jagdish IVasad. 

The following paper was then taken as read : — 
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Page 2 («). line 20. 

For " cfTect ” read ‘* affect 
Page 5 (<), line 30. 

For ”... pressure that the old ...” 
read “ . . . pressure The old ...” 
Page 12 (e), line 2 below figure 1 . 

For ” 7'34 ” read ” C'OO ”. 

Page 12 (<), line 3 below figure 1. 

For ” 17 70 ” read 16*70 ” 




PAPER No. (E.) 

SAFE WHEEL LOADS FOR INDIAN ROADS. 

BY 

K. G. Mitchell, G.I.E., I.S.E , 

AND 

Jagdisii Prasad, C.E. 

In P.iper No. 39 on “ Optimum Weight of Veincles on Exir.i-Municipal 
Roads,” read at the Third Indian Roads Congress it was pointed out that 
the limitation of gross-laden weight of motor % chicles was necessary iii the 
interest of roads and a limit was suggested as a reasonable compromise 
between what the motor industry required and what the roads could 
carry. This was expressed in terms of gross-laden weight for a two-a.xlcd 
vehicle in the then existing • ’he possibil- 
ity of their control and red . • ,v.is used as 

conveying the general idea • • of weight 

between axles was well-known to those interested The multiple axle 
vehicle was so uncommon that it was not referred to. Much of the 
criticism of the Paper was directed at its failure to state the obvious in 
these directions. It was also criticised because it did not refer to bullock- 
cart loads. 

The present Paper attempts to set out the arguments more in detail, 
It assumes, moreover, that it will be possible to regulate speeds by the use 
of governors, and it endeavours to show the effect on the generality ot 
Indian Roads of a four ton axle load (which means a oj ton gro'S load on 
the ordinary two-axled chassis) at prob.nble speeds If the movements 
of motor transport and the trade in vehicles is not to be hampered by a 
host of local restrictions the subject must be approached not as one 
concerning any particular province or state but as effecting the whole of 
India, in the way of a reasonable balance between the requirements of 
motor transport and the cost of road construction and maintenance. 

It is true that all over India roads have been improved above the 
standard of what wc may generalize as ordinary water-bound macadam 
but, with the exception of one or two provinces, only in short lengths 
To attempt at this stage to vary permissible loads and speeds on tfiesc 
isolated lengths (which have been improved for local concentrations of all 
classes of traffic), would be to invite chaos. It is true that there are many 
lengths of metalled and latcrite roads much below what we are taking as 
our average condition. The raising of these lengths of inferior road to 
the average so as gradually to do away with local restrictions is a reason- 
able conception. It is the furthest that India could go at present in the 
direction of “making the roads suit the traffic and not I'tce vena ” 

Having regard, therefore, to the stage reached by motor transport on 
the one hand and by the general condition of roads on the other it is 
proposed to examine the effect of a 4-ton axle load In relation to the 
road as distinguished from its bridges and with due regard to considera- 
tions of speed for the same total tonnage of traffic moved the number of 
axles could be multiplied without detriment. But the question of the 
strength of existing bridges then comes in and the proposal to use multiple 
•1-ton axles must be considered from that angle. 




2 (.) 


PAPER (E.) 


The permissible wheel load depends upon the strength of the existing 
loads and the bearing capacity of theearth sub-grade upon which they are 
founded. Consideration of failuies due to heavy wheel loads indicates 
that not only the road crust but also the subgrade is affected. This Paper 
is concerned with the stressing of the road structure rather than with the 
abrasive and destructive forces at the surface. Apart from the impact 
effects on the road structure the faster a vehicle moves, the greater the 
stresses in the surface layer which tend to losen and break down the 
structure. In wet weather with water standing in potholes the water 
' ■ ‘ ‘ i of stone are ejected with the 

wheel. The ruts and potholes 
{^ 1,1 ui-Lpi-i tuiu iiui uniy IS me ciiecuve cover of the macadam much 
reduced in thickness, but the sub-grade is softened by water seeping through 
from standing in the ruts so that the thinnest part of the crust has the least 
support. Abrasion will be referred to later. 

Impact . — Impact is affected by the roughness of the surface, the nature 
and condition of the tyres, the speed of the vehicle and the wheel load. 
The ratio of sprung to unsprung weight and the flexibility of springs also 
effect the magnitude of impact but are not of great importance. How the 
nature of tyre effects, impact will appear from the fact that impact force 
is a product of mass and acceleration. The greater the acceleration, i.e„ 
the greater the rate of change of velocity, or the shorter the time and 
distance over which the velocity changes from maximum to zero, the 
greater >vill be the force of impact. A stcel.tyred wheel produces greater 
impact than a pneumatic-tyred wheel when falling on the road under 
gravity because the velocity of the former is brought to zero in a very 
small interval of time and space while a pneumatic.tyred wheel is brought 
to rest in somewhat longer time and space owing to the deflection of 
the tyre. 

Measurements of wheel impact, produced by a trailer on a rough 
road surface which needed reconstruction, were carried out in 1982 at 
Harmondsworth at speeds between 14 and 27 miles per hour and the 
following conclusions were drawn* : — 

(1) “Blows of the magnitude of 2 X static load may be expected with 
high-pressure pneumatic tyres, though these blows arc unlikely to exceed 
2^ X static load.” 

(2) “ Blows of I'J X static load are closely approached with low pressure 
pneumatic tyres, there being a ntimber of blows exceeding l^xstatic 
load.” 

(3) “ Blows of 3|X static load may be expected in isolated cases with 
solid tyres, and it is not unusual for blow's to exceed static load.” 

Some of the dcduciions from impact tests carried out by the United 
States Bureau of Public Roads with a heavy motor *bus fitted with balloon 
tyres were j 

“ The frequent reactions for rough surfaces amount to about 1’5 times 
the static wheel load.” 

“ Even the smoothest roads produce frequent reactions of from 1‘1 to 
1'2 times the static wheel load.” 


• Ministry of Tfaa^porl, “ lacpcnmcntal Work an Roads,” Report for thejTar 1032, 
(It. M. Siaiionery Office, London ) 

t \’ide “ I’ublic Roads,” Washinqton, Vol. J3. N'o 9, November 1032. 
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“ A few reactions amounting to twice tlic wlicel load may be expected 
for each mile of rough surface.” 

The influence of vehicle speed on impact is illustrated by the follow- 
ing table* which gives the general maximum reactions produced by 


twenty-eight natural rough spots on highways. 
Speed Impact Ratio of total Speed 

Impact 

Ratio of Total 

miles per 

Reaction 

reaction to Static 

iiiiics per 

Reaction 

reaction to static 

hour 

Founds 

Load. 

hour. 

Pounds 

Lo.ad, 

0 

8,000 

per cent. 

100 

40 

21,800 

per cent. 

273 

10 

11,000 

133 

60 

23,600 

294 

20 

15,200 

I9J 

CO 

23,700 

290 

30 

19,000 

238 

70 

23,700 

290 


Although impact reactions on roads will under certain conditions 
become maxima at a speed of about -10 miles per hour or even less, 
the ruling tendency is for them to increase with speed. Tests carried 
out at the National Physical Laboratory (England) in 1932, suggested 
that “ increase in speed increases the number ol impacts as well as both 
their average and maximum values, and the influence of speed is more 
pronounced for tyres of greater stilTness.” 

With the object of correlating impact to tyre equipment and speed, 
tests were carried out by the United States Bureau of Public Roadsf 
with wheel loads ranging from 3,000 to 10,000 pounds to determine the 
speed at which any particular type of tyre would produce the same 
impact reaction as a pneumatic tyre at a given speed. The following 
figures which were obtained show the fractions of the speed with pneu- 
matic tyre equipment at which nearly equal impact will be caused by 
other tyres 


of T>re 
Pncumaiic 
New Cushion 
New ^hd 
Worn Solid 

The table below, from the sa 
nearly equal impact reactions. 


Sj'ttd for E^ual Impact 
100 
55 
40 
20 

source, gives the relative speeds for 


Tyre equipmenf. 
Pneumatic 
New Cushion 
New Solid 
^Vorn Solid 


KcJatJie speeds m m/let per hour 
40 55 30 25 20 15 

22 19 16 14 44 8 

16 11 12 10 8 G 

8 7 6 5 4 3 


It may be inferred from these results that if vehicles equipped with 
pneumatic tyres can be allowed to travel at, say, thirty miles per hour 
those with solid tyres should be limited to twelve miles per hour for the 
same impact. 

Speed.— But impact is not the only cfTcct of speed. High speeds 
imply rapid accciwation and relathxly sudden braking %\hich cause 
e.\ccssive wear of water-bound surfaces as well, of course, near and tear of 
the vehicle. It has already been pointed out that heavy motor vehicles 
travelling at high speed produce large tangential forces in the road. Tlic 

• - Public Hoads,” \N a»Iiins«on, W.C.. Volume 13, No. 9, No\ ember 1U32 
t Public Roads,” Washmsluu. N’olume 11, No. 7, September 1930. 
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grcalcr the load the greater is llic tractive resistance and tlic greater tlie 
tangential forces \vhich cause damage and corrugate macadam and gravel 
roads. TJic tractive resistance and, therefore, the destructive effect of a 
motor vehicle increases with speed. An a-^le load of 1'17 tons moving at 
1.’) miles per hour affords almost the same tractive resistance as an axle 
load of 13 tons travelling at a miles per hour (vide “ Procedings Institution 
of Civil Engineers,” Volume 237,^. (}8). 

Tlic foregoing statements merely emphasise what all Road Engineers 
know, which is that reasonable control of speed of motor vehicles is 
necessary in the interest of the road. It is also so from tlie point of view 
of the vehicle and the safety of passengers, pedestrians, and other road 
users. 

A plea is often made that reduction of speed reduces the daily mileage 
and hence the earning capacity of a motor vehicle. But a closer c.\amina- 
tion of traflic conditions, particularly in India, tvill show that the relations 
between maximum speed and the mileage that can be done in a fixed period 
IS by no means a straiglii line relation. For example, a man walking 
steadily at a speed of four miles per hour can normally cover four miles in 
one hour ; a cyclist riding at a speed of twelve mtles _ per hour is probably 
able to do eleven miles in an hour ; a motor vehicle with a maximum speed 
qC uvetuy miles per liour possibly docs about eighteen miles in an hour ; 
at a ma.ximum speed of thirty.fivc miles per hour it will do perhaps twenty- 
eight miles in the hour, but to add ten miles per hour to the average speed 
above that it has to increase its maximum speed by double that amount. 
Conversely, a reduction of ten miles an hour in maximum speed may only 
mean a reduction of half that amount in average speed. The point is 
obvious and need not be laboured. The output of a motor vehicle in ton- 
miles is not therefore directly proportional to maximum speed. There 
arc oihcis at least equally important factors which in practice affect the 
daily ton-milc.ngc, for e.xamplc, the lime spent in loading and unloading, 
the number of stoppages on the way for various reasons and the condition 
of traffic on the roads. Hence a reduction of the ina.ximum speed from 
foity to thirty miles pee hour will not reduce the earning capacity of the 
vehicle fro loiito. It is indeed doubful if any one could shoiv that a reduc- 
tion of this amount would appreciably affect carrying capacity at all. It 
u'ould certainly save in the maintenance of the vehicle and in the road bill. 

EJfrit oj wheel load onsubgiade. — We now come to a consideration of llic 
clfect of wlicel loads on sub-grade. Different soils have different load- 
bearing capacities and the supporting power of the same soil varies with 
its moisture content and other less important factors. Experiments have 
proved and experience has shown that an increase in moisture content 
i)c>ond a certain point will decrease considerably its load-bearing capacity. 
^VlICn considering ivhcci load distribution, the supporting power of a 
particular soil in its weakest stale should be taken as its safe bearing value. 
It has already been suggested that during the rains the sub-gfade capacity 
may be impaired because the macadam crust is pervious and weak, parti- 
ciliary in the ruts. The Public Works Department Handbook, Bombay, 
gives the following values of safe bearing capacities of certain soils for 
building foundations ; — 
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Description of soil. Safe load in tons per square foot. 

1. Soft, \sct, pasty or muddy clay and ... 0‘25io0 33 

marshy clay. 

2. Dtack Cotton sods ... «•. ... 0 SO to 0 75 

3. Alluvialearih and loams (clay 30 |o ... 0 73tol'o0 

70 per cent of sand) 

4. Moist clay ... ... ... 1 00 to 1’75 

o Loose sand in shifting ri\er*bcds ... ... I’50to2 50 

C. Sandy gravel or /lunAur .. ... 2 00 to 3 00 

Taking the lower limits for reasons already stated, the capacity Oi 
different road soils may be stated as being : — 

Description of soil. Safe load in Ions Safe load in pounds per 

per squarefoot. square inch (approximately^ 

1. Soft, wet, pasty or muddy clay and ... i ... 4 

marshy clay 

2. Black cotton soils . ... ) 6 

3. Alluvial earth and loams .. ... J ... 12 

4. Moist clay ... ... 1 ,. 1C 

5. Loosesand in shifting rivcr'bcdv . IJ ... 24 

6 Sandy gravel ... 2 32 

Ultimately it b the sub-grade that carries the load which must be dis* 
tribuied and reduced to an Intensity which the particular material can 
carry. This is done in two ways ; first by the lyre oi the vehicle and secondly 
by the road-crust. We ticcd only consider pneumatic tyres for motor 
vehicles. Solid or cusliion tyres should be proliibited except in special 
localities where roads are abnormally strong and speeds can be restricted 
in practice as well as by printed regulation. Pneumatic tyres are of two 
main classes, i.e., standard or high pressure and balloon or low pressure. 
(The former used to be known as balloon and the latter as e.xira low 
pressure that the old extra high-prcssure tyre has practically disappeared). 

distribution of pressure depends on the area of wheel contact, 
which m turn depends on the width of tyre and length of contact along 
the road. In case of pneumatic tyres, the size and shape of the road 
contact area depends on the magnitude of the wheel load, the air 
pressure m the tyre, and on various physical properties of the tyre, such 
as, condition of tread, casing stiffness, size, etc. Tyres of the same size 
and type but of different manufacture may not produce exactly the same 
contact area under equal loads due to slight \ariations m the stiffness of the 
casing or difference in tread designs Which of the two types of pneumatic 
tyres wi I be used with a given wheel load in the future is difficult 
o oretcll because the selection of any one type will depend on certain 
actors, such as, the initial cost, the life of the tyre m service, tractive 
resisunce produced (on which depends the fuel consumption) and riding 
com ort. It may be assumed that the life of both high-pressure and low- 
pressure tyres of equal load bearing capacity is the same. Hence, so 
?* commercial vehicles are concerned the owners will naturally 
consider the initial cost and the tractive irsi't.Tiicc before deciding tlic 
Class of tyre jjjcy should fit to llicir \ch«fr« ’1 he tmiicis of private cars 
", I^fbaps give preference to riding toiiiliHl over cvci) thing else. Tor 

"ucc! loads up to 2,050 poiindi on nMogl'MvM* oi pounds of>Kwin 

the high-pressure cciiiiptiirnl I* i h* ni’»-i Ihnn tin' Kn\-picv»tirc one as 
Will appear from the folIowiiiK daln ulihli finvr liren obtained fioitj 
Messrs Dunlop Rubber Conip.iti>'ii pi in 11*1 No ’r'J. 
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Maximum load 
carried by Tyre 

Size and type of I 
Pneumatic ’lyrc | 

Cost of 
T,rc 

Cost of 
Tube 

Total 

cost 

Remarks. 



Ks. A, 

Ks. A 

Ks. A. 


1,Q50 pounds 

C'OO— 20 Low Pressure 

80 4 

10 12 

91 0 , 

*can carry up 


30 X 5 High Pressure* 

78 4 

0 12 

83 0 

to 2,000 pounds 

2,650 

7 50-20 Low P/essuxe 

1J9 4 

J4 J2 

J34 0 



32 X C High Pressure 

119 4 

12 8 

131 12 


3,300 

' 0'00-18 Low Pressure 

1 1C2 4 

17 8 

JC9 12 



34 X 7 High Pressure 

17G 6 

' 14 12 

1 

101 4 

1 




As wheel loads in excess of 5,300 pounds are not likely to be used on 
Indian roads, the use of high-prcssurc tyres will obviously be economical 
in the first cost. Because of its smaller width, the high»pressure tyre 
produces less tractive resistance than the low pressure tyre and consequently 
the use of high-pressure tyres will result in slight economy in fuel 
consumption. So far as the roads are concerned, the high pressure tyre 
produces a smaller road-contact area and consequently greater intensity of 
pressure than the low-pressure lyre. The dlflcrence in the impact 
produced by the two types of tyres is not great as ^vlII appear from the 
following load deflection curve reproduced from ” Proceedings of Indian 
r.u A o A/--rCCI«Tlf' Koads Congress,” Volume 1, p. 

195. But the tractive resistance 
and therefore the destructive 
capacity so far as the water- 
bound roads are concerned, is 
greater with low-pressure tyres 
than with the other type. As a 
considerable milage of roads in 
India is water-bound and is likely 
to remain so, it will be in the 
interest of roads as well as motor 
transport if high-pressure tyres 
are used on commercial motor 
vehicles. It would not matter 
much if private cars continue to 
use the low-pressure tyres for the 
sake of riding comfort because 
cars, which usually do not have 
axle loads greater than 1| tons 
do not produce the same pressure 
on the road when travelling at 
speeds of 40-50 miles per hour as, 
say, a 4-ton back axle of a com- 
Pressure Distridutiov. mercial truck travelling at 25 

miles per hour. In subsequent paragraphs, in wheel load distribution 
calcqjjilions, the high-pressure tjre has been considered. 

By courtesy of Messrs. Dunlop Rubber Company (India) Ltd., we have 
been able to obtain impressions of certain high-pressure pneumatic tyres 
under varying loads, vide figures 1, 2 and 3 (size reduced). It will be 
noticed that the imprints .are almost elliptical in shape and that the 
contact area increases with the load. 


rmn-nEFLECTION 

rtJRVS. 

VARIOUS 

TYRE 

TYPES. 

j 





o s 10 M 

20 :s JO 

Load in 

Cwls. 
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The distribution of prcssuie through the metalling may be obtained 
by either of (lie two followingmcihods : — (i) ' ■ • • • 

road contact boundary of the ellipse at 1 ' ' 

crust, thus obtaining at the sub-grade 

having major and minor axes greater than those of the contact ellipse by 
2/, where t is the thickness of the crust; (ii) by assuming the road contact 
area to be a circle of area equal to that of the ellipse and determining an 
equivalent radius, r, the area of distribution on the sub-grade being 
circular, the radius of distribution circle being (r-h^. The 
first method is suitable for single tyres and the second is more 
convenient in case of twin tyres when the area common to the circles of 
distribution formed at the base of the road crust has to be deducted from 
the total area of the two circles. 

There is no fixed relation between the svheel load on a pneumatic 
tyre and the area of road contact produced, but within short range of 
values with svhich wc are for the present concerned an approximate 
relation has been obtained for high pressure tyres. From the values of 
wheel loads and corresponding contact are.as for a 34-inch by G-inch tyre 
given on page 94 of the report of the Road Research Board (England^ 
lor the year ended 3Isi March, 1930, the following relation has been 
deduced 

i=32'4 

where L is the wheel load in pounds and A the contact area in square 
inches. The data supplied by Messrs. The Dunlop Rubber Company 
(India) Limited for 32-inch by 6-inch tyre give the following relation 

For high-pressure tyres and forwhecl loads r.^ngingfrom, say 1,000 pounds 
to 4, WO pounds any one of the .above formul® may be adopted, the values 
obtained from them differ by about 2 to 3 per cent. 

A senes of curves have been drawn, vtde figures 4 and 5, showing for 
wheel loads of 1 ton, 14 tons, 2 tons and 3 tons with 60 per cent impact 
allowance and also with 100 per cent impact allowance, the relation 
thickness of crust and the pressure produced on the sub-grade. 
Wheel load of one ton has been assumed to be transmitted through a 32-inch 
by G-inch high pressure tyre, that of 1 4 tons through a 34-inch by 7-inch 
^he 2-ton load through twin tyres 32 inches by 6 inches spaced 8| 
inches centres and the 3-ton wheel load through twin tyres 31 inches by 7 
inches also spaced inches centres It will be seen from the graph 
that for water-bound macadam roads built over alluvial earth 
and loam, having a safe bearing capacity of 12 pounds per square inch 
a crust of 10 inches is required for a wheel load of Ij tons transmitted 
through a single tyre and a little over 10 inches for a wheel load of 2 tons 
transmitted through twin tyres. 

. . noticed that 2-ton wheel load on twin tyres (32 inches by 0 

snd IJ-ton wheel load on single tyre (34 inches by 7 inches) 
produce nearly 1 he same pressure on the earth base. But the fact must 
be remembered that twin tyres cause greater deterioration of the metalled 
surface than single tyres, because oi the space between the two tyres 
where air currents and eddies arc produced svhich disturb the blinding 
tnatena! and road mcial. Tsvin tyres produce greater impact than 
Single t)Tc under similar load, speed and road conditions The sectional 
depth of ihe single tyre is greater than that of twin t>res of the same 
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type and load carrying capacity. Became of this the deformation it 
greater and hence the impact force is less. But twin tyres cost much less 
than a single tyre of the same load bearing capacity and are, therefore, 
popular. 

Cemtnt Concrete Roads. — T*'** ’ ' ' ' ‘ flexible” 

type of road and do not ap such as 

cement concrete, because in jpport is 

not considered to be uniform. Ur. Westergarrd’s method^ of computing 
stresses in concrete road slabs takes into account the reaction of the 
subsoil per unit area for i », ’ 

stiffness of the slab and t , • . 

to be very scientific and • • ^ j 

actual road tests, the formula: are a bit complicated. In “ Concrete Road 
Design ” by F. T. Sheets, the author has given simple cmperical formulce 
for the design of concrete road. The results of his formal® “ so closely 
approximate computations made by Dr. Westergarrd's methods and also 
actual measured stresses that the percentage of error under the critical 
range of wheel loads is negligible.” Sheet’s formula for road slabs without 
longitudinal shear reinforcement is — 

„ 2 4 \V.c 

for pneumatic tyres, 

where •S’=Safe working stress in concrete in flexure (taken as 350 pounds 
per square inch i c. 50 per cent of the ultimate flexural strength) 
lP=Wheel load in pounds 

C=Coeflicient of sub-grade support (for values of C, see figure 8) 
</s=depth of road slab of uniform thickness, in inches. 

The following values have been obtained from Sheet’s formul®. 


Safe bearing capacity 
of soil 

1 Depth of concrete slab m inches 
' required for wheel loads of 

Remarks. 


1 i ton ' 

tons 

1 2 tons 


4 pounds per jtjuarc inc)» 

\ 4-14 

5-03 

5*84 

Safe for marshy soils 

» .. „ „ 

' 4-00 

4 90 

S-61 

Safe for black cotton soil. 

12 „ „ „ 

' 3-S-) 

4*75 

fl*4C 

1 

Safe for allutial earth and 
loams. 

10 „ „ „ „ 

3-7S 1 

4-04 1 

.OSS 

Safe for moist clay. 

2t „ „ „ „ ' 

3GS 

j 4*50 

0 20 

Safe for loose sand in riser 
beds. 

32 „ „ „ „ ' 

SCO 

1 4-3S 

005 

Safe for gra\’el. 


Curves obtained from these values arc shown in figure 7. For wheel 
loads transmitted through solid tyres these values should be increased 
by about 12 per cent. 


Public RoatU ’’ WasbinRion, V’olwnw 7, No, J, 1920. 
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It may here be pointed out tlwt in accordance with the researches on 
the behaviour of concrete under repetition of stiess the useful life of 
concrete is shortened in proportion to the frequency of overloading. 
Concrete becomes fatigued in tension and failure occurs if flexural 
stresses amounting to more than W) per cent of the ultimate modulus of 
rupture arc repeated continuously*. Consequently in the formula quoted 
above the safe working stress in concrete has been taken as half of the 
value of ultimate modulus of rupture. 

Effect of Iron’Tyred Wheels . — This discussion will perhaps be incomplete 
without a reference to the action of the iron-tyred bullock cart. It is 
generally agreed that heavy weights carried on vehicles with narrow tyres 
cause considerable wear on almost all types of hard surfaces but on 
asphalt roads the action of iron tyre is particularly damaging. It is con- 
sequently necessary to restrict either the width of tyre for a particular load 
or vice versa so that the pressure transmitted on the road surface is not 
excessive. It will be observed that the greater the width of the tyre the 
less the probability of uniformity of contact between the tyre and the road. 
Therefore, the load per inch width of tyre should be less in the case of 
wide tyres than in the case of narrow tyres. The following table taken from 
“Indian Roads,” No. 4, March 1033, gives the loads and tyre widths of 
typical two-wheeled bullock or buffalo carts in use in different parts of 
India. 


* Mdt “Concrete Hoad Dcnen” by F. T. Sheet'. Portland Cement Assochtion, 
Chicago, 
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LOADS AND TYRE WIDTHS OF TYPIOAL TWO-WHEELED 
BULLOCK OR BUFFALO CARTS. 



Wci.ght of loaded 
Cart. 

Diameter 
of Wheels 

^\idth of 
. T) rc. 

Maximum 
load per 
inch width 
ofT)re. 


Pounds. 

rcET, 

Inches. 

POI'NCS. 

Madras : — 





Trichy Circle . 

1120 to 3200 


2 

840 

Madras Circle 

oca to 3iMC 

3 to 

1} to 2i 

S70 

Coimbatore Circle.. 

1CI3 to 732.’; 

2 to d 

1220 * ** 

Bezwada Circle 

2016 to 3024 

... 

2 

870 






Calcutta ... 

3584 to 4928 

5 

li to 2 

1230 

Outside Calcutt.a ... 

3584 to 4928 

5 

li to Ij 

14C0 

Northern Circle . . 

072 to 2480 

1 3] to 4 

li to 2i 

600 

United Provincfs: — 


1 



Benares 

71C8 

, 4} 


1790 

Altahab.nd 

7280 

r. 


1210 

Jhansi .. 

3741 

4! 

2 

930 

Bareji-ly •— 





(1) ... 

4144 

4 

2 

1030 

12) .. 

2912 

4 


480 

W .. 

1 4141 

4 


1540 

AORA 





0) . . 

5379 

4| 

n 

1800 

(2; ... 

4114 

4i 

3 

770 

T) zabad 

4480 

4 to r> 

IV to 2 

1120 

Cswnpore 

41h0 to 9190 < 

4| tn .5 

*: -i 

1220 

Lucknow 

4480 

4 

2 to 3 

ll20f 

PUNJAII'— 1 




S30 

Lahore District 

33ir. 

5 

2 

Gujrai District 

4144 

4| 

2 


Bihar and Orissa 




410 

(IJ ... 

1958 

4 

2 

12) 

2912 

4I 

Ji 


Central PRoviNcrs: — 




500 

Akola ... 

2016 

3J to 4 

2 to 2i 

Nagpur... 

IGSO 

2 to 2i 







(1) ... 

3226 


2 

804 


1971 


n 


Jubbulpur 

Mean of 1 1 
obsers.Ttions 


1000 

Assasi ; — 

1658 

3i 

3 1 

275} 


• It H .issuTTifd that the heat test cart has 3-inch tjres. 

** Bearint; tvidtlt said to be one Inch only. Tull tridih taken in calculatinsF load 

inch width. On one inch beafin«» surface the load would he 3f>00 pounds pet 
inch width. 

^ On 2-lnch t)re, 7/iO pounds per inch on 3*{nc!i tyre. 

♦ Tyre idth prescribed hy rules under Assam Highways Act, 192S. 




It ^vill be noticed that \vheel loads of 8C00 pounds on 2-inch tyre, 
i e., 1800 pounds per inclMvidth do occur in certain parts of the United 
Provinces. Over and above this should be considered the effect of bent 
axles, throwing the whole weight on to an edge of the tyre, and the 
wobbling of the wheel which tends to disintegrate the surface. In England 
where roads arc much better and stronger than what we have in India, 
the average permissible loads per inch width of tyre for horse drawn carts 
vary between 430 pounds to 095 pounds (vide “ Indian Roads ” No. 4. 
March 1933). For our roads the loads should be well under these. 

Apart from the effect of the bullock-cart wheel on the road surface, 
its effect on the bearing capacity of the sub-grade may also be considered. 
For all practical purposes the bullock-cart wheel load may be assumed as 
a concentrated point load, the distribution of pressure through the road 
crust as conical and the area of the sub-grade over which the pressure is 
applied as a circle of radius equal to the thickness of the road crust. With 
these assumptions curves have been plotted ( tide figure 0 ), showing the 
thickness of metal required for various sub-grade conditions and for wheel 
loads of § ton, I ton and If tons. It will be seen that a thickness of Of 
inches of road metal is required for wheel load of 1 ton on roads passing 
through black cotton soils and for wheel load of li tons on roads built 
over alluvial earth and loam. 

Conr/ufion.— So far as the pneumatic-tyred motor vehicle is concerned, 
for " flexible ” type of roads built over alluvial soil as commonly occurs 
in the plains of India, it is necessary that the crust should be 10 inches thick 
if wheel loads of 2 tons arc permitted As a considerable mileage of roads 
has depth of metal under 10 indies and as there is no likelihood of a 
general programme of thickening the road crust being taken up in the 
near future, for want of funds, the only way to allow 2-ton wheel loads 
on existing roads is to govern the speed of motor vehicles to ensure that 
the impact is reduced to a minimum practical limit. In the case of 
bullock-carts, a wheel load of 1 ton may ordinarily be considered as safe 
for existing metalled roads .and for thin cement concrete slabs, but a width 
of tyre of 4 to 6 inches will probably be required if surface-treated roads 
are to have the maximum life under mixed traffic 




Total Area 23'G sq. In. 

Sea 29-2% (7-34 sq. in.) 

Land 70 8% ( 17'79 sq. in.) 

Maximum Schedule load 2200 lbs. at 80 lbs /sq. in, 


Figure 2. 
:t2"xC“ R. H. S. 













Discussions on Paper No. E. 

Mr. Jagdish Prasad (Author): I wish Mr K. G. Mitchell was 
here to introduce this Paper. Unfortunately he had to go away to England 
and ^%e are soiry he has not been able to attend this session. In introduc- 
ing the paper before you I would point out that in this paper an attempt 
has been made to show why and to what c-xtent the restriction of speed and 
loading of motor vehicles is necessary in the interest of the roads in this 
country. I would emphasise the point that considering the conditions in 
India, road mileage increase is much more important and valuable than load 
increase and, therefore, restriction of speed and loads is desirable with 
regard to the carrying capacity of our extra-municipal roads 

Mr. Raj Mohan Nath (Assam) : The learned authors of this 
paper have advocated limitation of speed and wheel load on a road, but 
this of course docs not limit the number of vehicles or total weight per 
yard width of the road. 

Their calculation is further based on the initial bearing power of 
the sub-soil ; but the bearing power of the sub soil improves after it 
has been in protection for some years by the impervious carpet 
of macadam or gravel On this assumption, I think, the con- 
clusion of the learned authors is a bit too far on the safe side. ^Vc 
may perhaps safely allow a load of 2 tons on a crust of G inches as other- 
wise most of our roads will go without any bus or lorry. 

As regards bullock-carts, it is desirable that there should be a 
uniform width of the tyre all over the country. But the recommendation 
of the authors— I to inches— seems to be a bit too much, as it will be 
heavy and a costly thing to poor cartmen, most of whom are agriculturists 
also, In Assam, though an act was passed in 1U2$, stressing for a uni- 
form width of 8 inches, up till now we have got such carts only m 
two districts out of twelve in the province, and there has been a lot of 
agitation both in and outside the Council against following this sound 
engineering principle deviating from the time-honoured custom. 

Mr. N. Dass Gupta (Calcutta) : The paper presented by Messrs. 
Mitchell and Jagdish Prasad IS a very valuable and interesting one. The 
authors have taken enough pains to find out the suitable thickness of the 
road crust keeping in view the safe beaiing pressure of the sub-grade But 
there arc two points on which I disagree with the authors. Firstly, 
they hold that “ twin tyres produce greater impact than single tyre under 
similar load, speed and road conditions ” From para B-4 on Page (' of 
the Standard Specific.ations and Codes ol Practice for Road Bridges in 
India published by the Indian Roads Congress we find that •' impact 
allowance . . due to speed is to be taken as equal to the appropriate 

st.andard live load rincluding single knile edge load) at the position giving 
greatest stress in the member multiplied bv a factor I determined by the 
loHowIng formula — 

Gj 

I = JX n-f-L {N-f ij = number of tra/ljc Janes ” 


As there is no factor m ihr .ibove lurinul.t which is function of tyre- 
width, the impact loid will b- constant for the same speed and load 

Secondly. 1 think it is l<K> much lo assume that the bullock cart wheel 
exerts a kmfe edge load Fiom the illustrations puhlulied in the proceedings 
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of the Second Indian Roads Congress, it was found that the wheels rest on a 
rectangle however small its area might be. This small area ^vhen pro- 
jected on the sub-grade at 4 j degrees will form an appreciable area when 
the crust is reasonably lliick and the actual pressure on the sub-grade will be 
much less than what the authors have calculated on the basis of conical 
distribution of pressure. I hope Mr. Jagdjsli Prasad Avill lr>' to clear 
these two points. 

Another point which I could not follow is the object of writing 
this paper. If it is meant for guidance of the engineers for design of 
water-bound macadams, it is well and good: but, if it is intended to 
put restrictions on the weight of motor vehicles to be allowed on the 
roads, specially on trunk roads and important intcr-dislrict roads, we 
should seriously oppose it. As I liad said at the last session of this Congress, 
the road transport had several decided advantages over raihvay transport, 
and this form of transport should not be discouraged by unnecessar)’ 
legislation in the interest of r.nihvay transport. Any restriction regarding 
tbe wciglil will make this system of transport uneconomical and therefore 
obsolete. I strongly believe that with the gIo^vth of motor transport in 
India, the bullock-carts will gradually and automatically com6“ into 
disuse so far as carrying of agricultural produce into trade centres is 
concerned. Of the motor lorries and the bullock-caris, the latter cause 
more damage specially to painted roads and we should, in the interest of 
our roads and the public in general, allow the system of road transport to 
develop rather than destroy it by hastily putting up some bans. I do not 
think that an alarming number of e.xtra heavy motor veliicles are plying 
nowadays on our roads and we can wait another ten to fifteen years to 
watch the development of motor transport which is very.essential for 
the prosperity of India. We can come up with our legislation when a 
really dangerous point lias been reached. However an.xious we may be 
to protect our roads, we must not forget that all funds for road develop- 
ment and maintenance come from the users of motor vehicles which 
include a large number of lorry owners. They can rightly claim to use 

the roads for which they pay their annual motor vehicles ta.x and duty 
on petrol I should, therefore, request this Congress to carefully consider 
this question 

But there is one point on which I concur with the authors is that 
the speed should be restricted with suitable speed governors and by legis- 
lation for heavy lorries. Tliis precautionary measure will go a long way to 
protect our roads as it has been accepted that in the case of motor vehicles 
it IS the speed which is more destructive than the actual load it carries. 

Rai Sahib Fateh Chand (United Provinces) .* I think it is very 
necessary to limit the speed and tonnage of vehicles using the roads. In 
the United Provinces there was a proposal to this effect. ^Ve cannot do 
without such restriction. A formula should be evolved by the Council 
of this Congress to find out the proportion of damages attributable to speed 
and to tonnage respectively. 

Mr. U. J. Bhatt (Bhavnagar) : At the outset I should concentrate 
on the paper itself. The scope of this paper is very wide and on this 
account alone wc should be very careful i»i making any generalizations. 
On page 4 (e) of the Paper reference lias been made to the effect of wheel 
loads on sub-grade. Tin’s relates to piobicms of the soil. The engineer is 
conversant with uniform coefficients and the settlement of particles. In 
dealing with particles it has to be boriic in mind that below a certain size 
of particles Stoke’s Law docs not apply. As the size diminishes the 
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particles tend to lose their chemical value. Then problems connected 
with moisture arise. In the paper we have been told that 

“ When considering wheel load distribution, the supporting power of 
a particular soil in its weakest slate should be taken as a safe bearing value. 
It has already been suggested that during the rains sub-grade capacity 
may be impaired because the macadam crust is impervious and weak, 
particularly in the ruts.” 

If so, then why not devise ways and means of improving the sub-grade 
capacity. It should ultimately lead to economical maintenance of the road 
surface. 

A great deal of work has been done in this direction by the 
Massachusetts Institute of Technology and in other centres in the United 
States of America. Because of lack or insufficiency of data we should not 
generalize on a few facts. As engineers we should adopt a scientific 
attitude. We should realize that dilTerent physical properties of soil have 
diflcrcnt eficcts on the bearing capacity. 

Mr. W. A. Radice (Calcutta) : 1 am not an expcri on loads. But 
there is one point on which I feel qualified to speak. I should say that 
there is a danger of coming to wrong conclusions in using words like 
“ impact ” without relating them to the context. tVhen we speak of 
” impact” with reference to bridges we mean something quite dilTercnt 
from what we mean when we use this word in connection with roads. The 
impact effect m the case of a bridge is measured on the structure of the 
bridge itself. But this is quite difTerent IVom the hammering blow of the 
wheel on the road, the effect of winch blow depends on various factors like 
the load, the hardness of surface, the quality of tyres, etc It has to be 
remembered that there is no relation between this and what Messrs 
Mitchell and Jagdisli Prasad have referred to in iheir paper 

The Council of this Congress should make up a formula for arriving 
at the dcstructisc effect of speed and of load The whole paper is written 
on the assumption that speeds c.m be limned not only by roads but also 
by Governments' (Laughter). 

Mr. Syed Arifuddin (Hydcrabad-Deccan) : 'Ve have all read 
with very great interest the Paper on “ bafe Wheel Loads ” by Mr Mitchell 
and Mr. Jagdish Prasad. This is, no doubt, one of the most useful papers 
that have been read at the Indian Roads Congress and supplies very 
important information which was \ci> badl> wanted No doubt, ilic idea 
was there m the minds of the road engineers that '•oli soils rcquiie greater 
thickness of road ciust than haid soils boluig of lubbfe stone is therefore 
always used at such places The exact thickness icijuued was not seriously 
considered and Ihcicfoic no definite rules were framed on the basis of 
possible safe load on sub-grade. 

There arc just two points 1 would like to touch upon. Tiicre is a 
general impression that tJie bhiek cotton soil can stand a pressure of 4 to | 
ofa ton and thciclore, if a building is designed with this much load on the 
b.vsc. It Will be quite safe Against tins, I can produce a number of 
examples which have come to m\ knowledge in which the pressure on 
bl.ick cotton soil foundation was not even J of a ton and jet the buildings 
cracked fiom top to bottom xxry badiv If the s.ifc load is the only point 
of consideration, there is no cartlilv reason why these buildings should 
Ii.xve cracked Certainly there is somctlimg more than that. We all know 
that the black cotton sojl swells in rainy season and shrinks in summer. 
Cracks have been found to go as deep as \0 feet or even more. If the soil 
under any foundation shrinks, the only result will be that it fails to support 
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any weight, in otiicr woids, the foundation , masonry of tlic building uill 
not be supported by any reaction fiom below. This must result in some 
poi tion acting as cantilever and the other as beam. The cracks therefore 
appear liom top ol tlie loof and go downwards in the former case. In the 
latter ease they develop from foundations and go upwards. Such cracks 
have actually been observed tvith definite and marked deflection of 
foundation. 

Theic is another theory oflnteial thrust put forivard by some engineers 
but 50 ihr no facts have been observed by me to support it. This being 
so, I am afraid Dr. Wcslcrgarid's method of computing sti esses in concrete 
load slabs will not be applicable to the black cotton soil, as there ivill be 
no reaction of the spb'soil to be taken into account. Rcinfoiced concrete 
slabs seem to me to be the best solution for the black cotton soil. The 
other alternative that may be tried as an experiment will be to give a 
thick layer ol‘ gravelly soil ovci the black cotton soil so that contact 
between the black cotton soil and gravelly soils may always be main- 
tained. This might minimise the beam and cantilever action in the 
concrete slab 

The ease of stone incial crust is difleicnt fiom tlic concrete slab. In 
the case of stone metal, slight depressions and cracks do not affect the roads 
vciy much. I'he crust uill adjust itself to the shrinkage and swell up to a 
certain c.xiem. But even ihcic. if we mteipose a layer of nuirani or 
giavelly soil between the metal crust and the black cotton sod sub-giade, 
It will be safer and economical. Alter putting ilns layer we need not give 
the same thickness of metal and soling as shown in ihc graphs , for instance 
m the case of impact of wlieeh being equal to lUU per cent of ^vheei load, 
the thickness of (he ctust for a i-ion wheel load comes to 21 inches in 
black cotton soil and more than 21 inches for niaishy soils; alluvial earth 
also icquircs 1-1 inches thickness. To give such thick crusts made up of 
metal and soling will be .in expensive alfair. It will be economical, 11 we 
give a layer of gravel fust and lay soling and the concrete of usual thick- 
ness on top of It. I assume that foi a giavelly soil ilic safe load will be 
at Ic.'ist cqu.il to lose sand for winch tlie thickness of crust is only G inches 
to 8 inches. It is worthwhile experimenting on it and find out if we can 
dispense with soling stones by using a base inuram or giavcl and consoli- 
dating it before laying the stone metal in places where soling is very 
expensive and gravel cheap. I am against using giavel or mmam con- 
taining good deal of clay. I would prefer to use gravel 01 murani 
containing not more than 2 .’> per cent clay for muram sunaclng. Bui for 
formation of bank inuiam containing ov'ci 50 per cent of clay might be 
<]uitc alright. 

Nawab Ahsan Yar Jung Bahadur (Hyderabad-Deccan) : I do 
not wish to speak at great Icngili on this paper, but I want to tell you 
something ol' my cxpciieiicc with concrete roads in Hyrlcrabad. In 
making concrete roads we cannot icly merely upon the safe loads wJu'cii 
the sub-gr.idc soil can stand. In black cotton sod it is not the soil which 
affccls the concrete surface: flic cracks on such suifacc aic caused by 
vari.itioiis in tcinperatuic and weather conditions. In the ease ol metalled 
roads where we <lo not wish to spend a gicat deal of money we c.ui s.ivc 
the ro.ad surface if we isolate the road from 
dhig trenches about -I to (J feel in depth on c 
with gravel or similar coarse material. T 1 , 

cn'cciivcly in the ease of buildings also. Wien such isolating trenches arc 
dug .vrouiul a huildiiig site or along the edges ofa load they save the build- 
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inc and the road from the contracting and swelling cITcct of the 
surrounding area Thus the isolation of the road oilers an easy solution 
for troubles with the surface not caused by' the sub-grade 

Mr. W. L. Murrell (Bihar): At the last Congress. I was privileged 
to speak on Mr. Mitchell’s paper which was the fore-runner of the paper 
now under discussion. . . r- j i 

It must be now 8 or 9 years since my imagination was bred by 
a description in the “ Overseas Engineer ” of a Dcisel-cngincd 8 ton 
laden-weight, six wheeler vehicle, with a big pay load and minimum 
running costs, possibly using fuel oil produced in India, which could go 
\%here%cr any motor vehicle could go I do not remember the name of 


tlic manufacturers 

It seemed that here was the very thing for India and, because Mr. 
MilcheU’s, previous paper suggested measuics which would preclude such 


a vehicle, I went into opposition. 

Now that Messrs Mitchell and Jagdish Prasad have come to the 
conclusion that loads up to 2 tons per wheel may be pei milted on 
the average water-bound load. piovidcd that the speed is governed, 
it gives me pleasure to find m>scll moie m the same camp 

The speed-governed Dciscl vehicle has already airived and, though 
Its laden-weight ts only tons, a certain limber company prefers 
such vehicles to carts, even where carting is very cheap Still lurthcr, the 
company’s profits enable them to make a substantial contnbuimn to the 
District Board for the upkeep of the road concerned 

Three improvements only remain to make ihc arrangements complete. 
These arc mechanical matters which may interest motor transport 


experts — 

( 1 ) Even with a special type rear axle ihe minimum governed 
speed will be 27 • I miles per hour il the engine speed is governed 
to the desirable 2,U0d revolutions per mmuic This governed 
speed maximum of 27 4 miles per liour is rather too high 
1 2^ The governing is done on the engine revolutions and not, as it 
should be, on the revolutions of the lorry wheels. 

(3) The pay-load is too lowior maximum economy On the other 
hand, the six-wheclcr, when travelling unladen at a fair speed, 
has been proved to be one of the most destructive lorces on the 
road, owing to its great unsprung weight Tlie ideal is thcieforc 
.in eight-ton six-whcelcr with the engine placed over the 
diiTereniial and other such heavy unsprung gear. 

There is a point in the excellent paper now under discussion, 
that might be discussed. It will be noted that the cuives ol ininimuin 
thickness of macadam-t)pe crust required for diflcrcnt lo.idmgs of motor 
vehicle wheels (Figure arc bas^ on the assumption that the very 
temporary pressure on the road foundation due to motor vehicle wheels 
should not c.xcccd the permanent pressures allowed for buildings 

Volume 24U of the Minutes of the Proceedings ot the Instituiion of 
Civil Engineers issued after Messrs. Mitchell and Jagdish Prasad 
submitted tlicir Paper contains a most enlightening article “The Laws of a 
Mass of Clay under Pressure ” by Mr. M A Ravenor, M I C L Tins 
article shows most conclusively that the bearing power ol an) soil with any 
appreci.vble content of water and colloidal matter depends v cry l.irgel) on 
die time during which the pressure is sustained It appears that such soil 
docs not settle under pressure until the water conicni has had time 
to escape from tlic regions of pressure, carr)ing with it some of the 



i^APER (E) 


24{.) 


colloidal matter. Ravenor mentioned, for instance, that it took 7 or 8 
daj’s for the water to be squee 2 cd atvay from a cylinder only 8i inches in 
diameter under pressure so that the cylinder ceased to settle further. 

ft will thus be evident that the first four soils mentioned in the paper 
under djscussion — which all contain clay and moisture — can be given 
much higher temporary or svheel pressure than those which the authors 
have given them. 

It would also appear ftom Mr, Ravenor's paper that, if a water- 
bound roacadam-iype crust sverc to fail by reason of the failure of the sub- 
grade, this failure is far more likely to take place under the much more 
slowly moving cart wheels, whose intensity of pressure also is considerably 
greater. 

However, the cheerful fact is that the 5 ton maximum vehicular 
load difficulty is now removed. 

Mr. A. Nageswara Ayyar (Madras) As 1 have aiready said 
yesterday Madras has now ovei 25,000 miles of metalled roads and 4,000 
miles of unmeialied roads. The policy of Madras has been to increase the 
total mileage every year so that as large a number of people as possible can 
be benefited by the use of motor vehicles. The result of this at present is 
that practically on every road there are motor vehicles running and 
the people are using them to a considerable extent. In most of the 
districts there are by-laws restricting the load of motor vehicles to about 
S tons. 

It is said that if die bullock-carts are banned the roads will last 
longer. I am not quite sure about this and there is one case which tells 
quite the contrary. Xn 1034 on a certain part of a trunk road the number 
of bullock carts per day was 437 and the motor vehicles and lorries 
numbered only 60 When a census was taken on the same stretch of road 
in 1937 It was found chat che number of bullock-carts was only 80 though 
the total tonnage remained practically the same as in 1034. Thus, about 
S50 bullock carts had been leplaced by motor lorries. In X034 
the condition of the road was reported as *‘good.*’ But in 1037, in spite of 
the greatly increased expenditure on maintenance, the road was reported 
to be in a “ bad " condmon. For the development of this country it is 
not necessary to increase the number of heavy motor vehicles which use 
the roads. The rvad ftuleagt! should be fticreased and mi the number 
of heavy lorries. Heavily loaded motor vehicles are not required in this 
country. The .-jrticlcs which require quick transport are dairy and 
vegetable products which have to be taken to the urban areas from 
the country side. There w no urgency in the transport of cereals 
and these can well continue to be tnansporicd by the bullock-cart. IVhat 
arc required are light motor vehicles to carry articles in whose delivery 
time is a great factor. If load mileage is to be increased it can be 
done only by surface painting and heavy lorries will prove an obstacle to 
surface painting irealment. In Madras, Public VVorks Department and 
District Board engineers arc of the opinion that the maximum allowable 
\shcel load shoufd be only about a ton ~3l tons total /o.ad on ordin.ary 
roads and 41 tons total load on trunk roads. If these loads are adhered 
to wc can easily maintain all our roads In good condition. 

Mr. All Abmpd (Assam) : — In i\ss.amwc have used gravel to improve 
our cariii ro.ids, this is laid on clay, loam, or sandy sub-grade as the case 
may l^e. Roads with clay sub-grade behaved best while those svhh loamy 
jul,.grade were next best. Ro.ads wiUi gravel over sand c.ame last in 
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respect of wearing quality of the road surface. But when cement 
concrete was used for surfacing the roads instead of gravel our experience 
was quite the opposite. Cement concrete trackways laid direct over a clay 
sub-grade proved unsatisfactory. On loamy soil, (these were inches 
thick and 2 feet wide, the clear spacing between the tracks being 3 feet 
3 inches), the tracks behaved quite well and the first cracks began to 
show only after two or three years’ use when traffic had increased 
considerably. These trackways were built directly on earth %vithout any 
gravel underneath or on the crown and shoulders of the roadway. The 
trackways did not show much deterioration when built on sandy soil, as 
far as cracks are concerned. The case was quite the reverse when the 
tracks were built on a clay sub-grade. Soon after the tracks were construc- 
ted, there Wf re showers of rain and numberless cracks appeared. These 
cracks were not due to traffic load but were caused merely by the 
expansion and contraction of clay due to variation of its mositure content 
as a result of weather conditions, small hollows forming owing to shrinking 
of soil under the slabs which acted like a bridge, and could not support the 
traffic load adequately. It, therefore, appears that when choosing the 
surfacing materia! of our roads due consideration should be gisen to tlie 
important aspect of the properties of the sub-grade It may be suitable for 
one type of surfacing but not for the other. 

Mr. C. D, N, Meares (Calcutta): The previous speakers ha\e 
rather stolen my thunder. The impression I get from the paper is that 
one must take the soil as one finds it. The authors assume that the soil 
is there but nothing can be done about it and what we should be 
concerned with is the surface only Modern practice, however, is in 
’ ■ oil and modifying It so as to 

conditions we know that a 
of sand and gravel. The 
result would be advantageous from the point of view of both bullock- cart 
and motor traffic as road crusts can be thinner and a greater mileage can 
be constructed 

However, while bullock-carts have very little effect on a heavy crust, 
on a thinner crust they have a greater deteriorative effect than motor 
vehicles. In this connection I worked out a formula the other day which 
I believe is correct and which illustrates the point The formula is 

\V‘ = W-l- 2R y Wx Sxr 

Where W'cs q'hc wheel load of a motor vehicle equivalent to the bullock- 
W = The wheel load of any bullock-cart. cart 

R = The mean radius of contact of the motor vehicle tyres. 

S = The soil bearing capacity 

\ou will see (hat as we raise the soil bearing capacity we great 1> 
increase the equivalent safe weight of the motor vehicle. Tlie bullock- 
cart is there and cannot be altered, but what we want to get at is the 
equiv.i!enl weight of a motor \chicle to that of bullock cart 

^\orkingoul the formula I base gi\cn above, taking an average 
condition where W = 2500 and R = 5, and considering even a poor sub- 
soil bearing capacity of 20 pounds wc get 

\V’ = 27.00 2 X &V 2iiU0 X 2tr X >- 
— (roughly; 0,500 pounds 

Die mean r.-uluis ol contact <.r the avrr.igc motor t> re designevl •>' . 
carr)’ 0500 pounds would \at> Irciin *. (o 7 inches -an ouisue, t»il 
Jvrv es to illustrate the point. 
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This formula, as I liave said, is mathematical and good enough for 
all practical purposes. As the value of S rises, \V* increases rapidly and 
therefore it is unfair to penalize the motor vehicle atbitrarily without 
considering this factor. 

I suggest then that what we should aim at is to pay attention to the 
soil, I have known roads with only a ‘2-inch crust which were quite 
successful with 7 to 8 ton axle loads because full attention had been paid 
to soil mechanics. 

Rai Saheb Fateh Chand (United Provinces) ; Can you give us an 
e.xample ot such a road ? 

Mr. C. D. N. Mearcs (Calcutta) : Tliere are not many examples of 
such roads in India except for a few in Sind. But there are many such roads 
in other countries In one instance in Calcutta we developed a stable 
sub-soil by adding cinders and sand though we could not get full unifor- 
mity owing to the absence o! grading machinery. \Ve laid on this sub- 
grade inches premix. The surface became a httle wavy but it did not 
breakup. This practice is quite common in Batavia, Java, Sumatra and 
the United Slates of America. The iliiistration shows that the crust can 
be thin if the sub-grade has been carefully attended to. 

Mr, E. A. Nadir Shah (Bombay) : You have made W too Iii^h. In 
previous proceedings a wheel lo.ad of pounds is shown as canied on 

a 2 incli tyre. \V should therefoie be very much lower. 

Mr. C. D. N. Meares. (Calculla): As regards the load factor we have 
to remember that no matter how wide we make tlie tyres of the bullock- 
cart, at least during lO percent of its jouiney its load is a point load. 
So in making calculations you have to bear in mind tliis point load.^ On 
these grounds I do not think that the figuies taken for this item in the 
foimula I have given are excessive. 

Tlie authors of this paper h.ive given us an excellent chart showing 
the pressure on a road surface due to motor veiiicles including an added 
lOU per cent for impact factor. I think it is quite unfair to saddle motor 
veiiicles with .i lUU per cent impact factor and exempt bullock-caris 
altogether. When a motor vehicle travels the springs and tlie pneumatic 
tyres greatly minimise the impact, but there is nothing to minimise the 
impact of a bullock-cart with its nnspning wciglit atuf its iron tyres. So 
a bullock-cart is guilty of much greater impact than a motor veliicle and 
it is therefore unfair to penalize the motor vehicle alone and let the bullock- 
cart go scot free in the matter of the impact as the authors have done in 
their paper. 

Mr. S. G. Stubbs (President) ; I am inclined to agree with the 
last speaker. Our endeavour should be to improve the soil rather than to 
incicasc the lliickiicss of the surface. One member asked if there were 
any examples of roads in India with a thin metalled surface which have 
proved succc.ssfiil. Yes Tlicrc is one such road, the Giand Trunk Road 
north of Rawalpindi. Tiierc the soil conditions are very favourable and 
.a 4i-inch layer of metal without soling lias stood up to irafTic very well 
indeed, .‘\nother important point which should be borne in mind, viz., 
tli.U if wc watciproof the surface the bearing capacity of the sub-grade 
u’ilJ be greatly increased .as moisture will be excluded. 

Mr. E. A. Nadir Shah (Bombay) : On page 2 of the paper the 
minimuin impact produced on smoothest roads is given as I'l to 1‘- 
times tlic static wheel load ^bus lilted with Baloon tyres) and the 
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luiiuinum impact mi a imii^h load j)nHliii.fd willi low pressure [iiicuniatic 

lyics is stated as 15 dines ihe sialic load 

The first table Dll page :Ulio\vMliat iiiipael oil a rough load vanes 
IVoin 100 pci cent to nearly 300 pci cent ol static load with diljcrciit 
speeds whereas in diawing the series of curves as pci liguics 1 and a, the 
impact is taken as 50 per cent and 100 pel cent. 

Will the author please s.iy why the curses weie not drawn with 
higher values of impact ? 

On page 4 the author states that leasoiiablc conliol of speed of inoloi 
xcliicles is necessary in the interest ol the road as well as for safety of passeti* 
gers, pedestrians and other road-users. Even agreeing that control ol 
speed IS necessary, the main factor to be considered is how to control tlic 
speed in a practical way. To my mind no practical way of controlling the 
speed can be devised. If my professional brothers agree with me, then 
the only solution will be to design and construct roads for speed. The 
(picslion of cost will then be raised by the learned authors. Well my 
answer is that Motor Transport contributes more than enough money by 
way ordifferent taxes Why not spend that money on roads and invite more 
vehicles on the road and thus increase revenue. 1 have obtained certain 
figures* from the General Secretary. Indian Roads and Transport Develop- 
ment Association showing expenditure on <a) P W D. and Local Board 
Roads, (ij Municipal Roads and (a Roads in Indian States and also 
particulars of revenue derived from Motor Transport which I am sure 
will be of interest to members 

The impressions of high pressure pneumatic tyres given in figures 1*3 
show that with the incieasc in wheel load on the same tyre from 2,200 
pounds to 3,800 pounds and 4,400 pounds the pressure on the road surface 
mcTcases from 93 pounds per square mch to 98 pounds per square inch and 
100 pounds per square inch Docs this mean that by increase of laden 
weight oi a vehicle the elTeci per unit area on road surface is not so great 
with pneumatic tyres'' 

The author gives veiy useful information m the table on page 10 

■ ’ ■ ' Presi- 

■ ' " i ■ ven it 

■ . • ./ill be 

seen that barring Assam the maximum load per inch widili of tyre varies 
from 411) to 1.800 pounds As the iron tyre is not clastic, could this load 
be taken as so much per square inch and if so the load on sur/ace ivitli 
pneumatic tyres as seen from figures 1-3 works out to only 93 to 102 
pounds per square inch, 1 e only 1'18 as compared with bullock-cart 
iron tyres Knowing this, is it not advisable to advise the Government of 
India to encourage buUock-carlwalas to change over to pneumatic tyres 
by exempting them from all road taxes or even by paying them some sort 
of subsidy 


Mr. T. R. S. (Cynnersley (Bombay) : On page 11 there arc certain 

interesting remarks m the last paragraph The paper says : — 

“ So lar as the pncumatn.-i>re motor \chiclc is concerned, for * flexible’ 
type ol loads built over alluvial soil .is cominuiiK occurs in the plain 
ol India. It IS necessary that the ciusi should lie lU inches thick if whep? 
lo.ids or2 tons arc jscrmiited ” 

Where on caith arc you going to gel the money! In desicninff n 
load we have lo remember iliai ihe damage is not done by the motor car 

* l>ir»r licurrs wrir vutfxqurMlv -upi.lirU Lv Mr. Na 
ttatrniciiti Nuc I-l\ uiidrr the bradiii? * CurrespucKjeocr.” 
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alone, we have to take into account buUock-carts and the weather. In 
India we have all types of weather, drenching rains followed by scorching 
sun and practically every condition calculated to destroy roads. The 
greater the unevenness of road the greater the impact caused by revolving 
wheels. 

Mr. M. S. Duraiswamy Ayyangar (Travanco/e) ; Most of our 
loads are earthern roads and aic fair weather roads fit for motor bus 
and lorry traffic in good weather only, but not safe Jbr even one motor 
vehicle in winter. Bullock-carls, however, use the road with or without 
difficulty in all weathers People have now taken up to motor traffic and 
for suburban traffic motor vehicles arc necessary and they cannot be 
stopped totally without inconvenience to traffic. We know frequency of 
load wears down our roads rapidly. It is therefore desirable to limit the 
number of trips allowable with safety to keep up suburban traffic as long 
as practicable. Ordinarily in these roads, vehicles can take about 2 tons 
total load. It is therefore desirable to classify roads according to the 
maximum capacities which lorries can take and buses can carry. 

Mr. R. A. Fitzherbert (Bombay) : A member has suggested that 
all bullock-carts should be fitted with pneumatic tyres. 

Now there are several ways in which we can counteract or reduce 
the damage done to roads by bullock-carts 

I a) We can find money to pay for this damage by taxing the bullock 
cart, but this does not now seem possible. 

(A) We can have all bullock-carts fitted with pneumatic tyres as al- 
ready suggested. Now at a rough estimate there are probably over half 
a million bullock-carts m the Bombay Presidency, and as the cost of a pair 
of tyres is somewhere in the neighbourhood of Rs. 120 the total outlay 
involved would be heavy, and this would have to be met by Government 
or 

{c) We can have all bullock-carts fitted witJi wooden wheels 4 inches 
in width, but this again means a heavy outlay by Government, as a pair 
of Avheclb would cost probably Rs. 50. 

Mr. A. Lakshminarayana Rao (Masulipatam): I wish to bring to 
the notice of the autliors of this paper one point which they have, piobably, 
inadvertantly missed to jnciuion in their paper, which is exhaustive in 
all other aspects. The relation of load and speed to tractive resistance 
ofiered by the road has not been discussed in the paper. I have made 
some humble experiments in tliis field and I found that when a 2-ton- 
bus travels on a road with a speed of about 25 miles an hour, the tensile 
stress exerted on the road crust will be about 40 to GO pounds. I have 
not been able to complete the investigation and so I cannot place before 
the Congress complete results. Again. I made certain other experiments 
with regard to tensile strength of gravel and it was found that the 
tensile strength of most of the gnivel that we use is barely 4 pound per 
squaie inch. Is it possible under tlic circumstances to increase the 
lo.ids on such roads without designing a better crust and will it be 
possible for our roads to icsist greaiei load and greater velocity wiflioul 
iniproverncnts to surface? Obviously a 4I-toii vehicle running at .'l(t to 
to miles speed will necessarily create a greater tractive resistance on 
the Crust of the road and to design .such a road will be extremely 
difiicult. It is within our experience that a bit of road between Bczw.ada 
and Nandigama, which was in an excellent condition went to dogs 
sviihin one year owing to the introduction of heavy lorry traffic on 
this road. 
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One more point. By incrcasinj* the pcrmis'iil)lc load and velocity, 
whom arc \s’e benefitting? Let us uiidcrM.md tlial we arc Indians first 
and then Indian road engineers TIic double bullock-cart is a source 
of subsidiary occupation lor the ryot. During the olf-season he takes 
the produce in the double bullock-cart and earns a few more rupees. 
Is it in the economic interest ofoiirosvn country to drive away double 
Imllock'carts ? I believe you will all agree with me that it is not tlesir- 
able. In the interests of our roads, we liiwe to induce them to use 
pneumatic tyres. 

One speaker wanted that we must build our ro.ids to stand more 
speed. Already we hear ol so many deaths due to accidents on account 
of the highspeed of motor cars. Shall we, engineers, lie ilie cause ol 
more dcallis in our country I leel that it is very desirable to limit 
the speed of motor vehicles. 

Another member observed that the mone> dciivcd from motors is 
not fully spent on the roads, but that a portion of it goes to the general 
revenues. I beg to stale that this statement may not be correct. In 
the Madras Presidency, at any rate, the Oovernment is spending the 
income derived from roads on the road itself and a little mote from 
the general revenue. 

Nawab Ahsan Yar Jung Bahadur (Hyderabad Deccan) : The 
Madras Government is a very good Government. 

Mr. Jagdish Prasad (Author): At the ouisci I would point out 
that our paper particularly refers to the carrying capacity of the exist- 
ing roads. Mr. Raj ^(ohan Nath has said that the width of the bullock- 
cart tyre we suggested in the paper was rather too much. The width 
depends upon the intensity of pressure that can be transmitted on the 
road surface without detriment to it. I personally think that for a steel* 
tyred bullock-cart, lyre width of less than 4 inches will be detrimental 
to painted surface unless wheel loads arc reduced, Mr. Das Gupta 
questioned the statement that twin tyres produced greater impact than 
single tyre under similar load, speed and road conditions. The state- 
ment is correct and has been explained in the paper. Mr. Radicc has 
already explained that impact on bridges should not be confused with 
wheel impact on roads and I need not repeat what Mr. Radice has 
just said. I may infuim Mr. Das Gupta that the question of Rail- 
Road Competition does not enter into this paper which is meant to throw 
light on what the existing roads c.an cany. In a country which is 
already inadequate!)’ suppli^ with metalled roads our problem nl present 
is to attempt to increase that mileage and to preserve the existing roads. 
I am glad that Rai Sahib Fateh Chand agrees with the suggestion made 
in the paper regarding restriction of speeds and loads. I agree with 
Mr. Bhatt that the sire of the grain afiects the properties of tiie soil. I 
may point out that as in a particular locality the supporting power of 
the soil varies according to depth of foundation and changes several 
timcs in the year, as there is greater fluctuation in road foundation soils 
than in the deep foundatinns of buildings, and as in the former case 
' *11 is more exposed to the cflccts of weather and to the so- 

called churning action " of varying moving loads, it is not practicable 
to be very accurate about the l^arlng cap.ieity of a particular sub-grade 
laboratory melhotls for its uctermiiiation. I agree that the 
j>os.sibiUties and eeonornies of impros'ijig $ul>-gradr capacity should be 
ii\y«tigated but so long as the thin imn-iyred bullock-cart exists we 
will have to provide sutllririit crust of mrt.il through which the load »'l 
the bullock-cart wheel e.an lie disirihtited 
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I am glad that Mr. Murrell is in general agreement with the paper. 
I have not read the paper by Mr. Ravenor referred to by Mr. Murrell 
but I do not think that it is icasonnblc to presume lliat ordinary alluvial 
and sandy soils behave like pure moist clay and could bear greater 
pressure under moving loads. 1 may also point out that I liave con- 
sidered the wheel load as uniformly distributed over the sub-grade to 
simplify calculations. Actually a picssurc, greater than the average in- 
tensity of load occurs diicctly under the wheel. The Massachusetts 
Commission of 1901 determined the values of well compacted and well 
drained sub-grade soils and they came to the conclusion that pounds 
per square inch may be allowed for coarse sand and gravel and 4 pounds 
per square inch for the poorer clays and very fine sands. For these 
reasons and as already, explained in the paper, I do not think it is 
desii.ible to give greater bearing values to the various indigenous soils 
than those given in the paper. 

Mr. Nadir Shah wants to know why depth of macadam cur\’cs for 
higher impacts have not been given in the paper. \Ve have assumed 
that the impact on a rough road is about 100 percent. According to 
tests c.\rried out in England and America, the maximum blotv is about 
•Jj times the wheel load. I may inform ^^r. Nadir Shah that speed can 
he efiectively governed by means of speed governors and it appears 
desirable that these should be fitted to all buses and lorries. 

Mr. Nageswara Aypr has referred to tl»e bye-laws In the Madras 
Presidency restricting the load of motor lorries to 3 tons gross load. 
That is probably going very much further than what the authors have 
contemplated in the paper. If roads in any particular area are not 
safe for :2-ton wheel load and there are no funds to reconstruct them, 
vve have no alternative btit to fix a lower limit for permissible wheel loads, 

Colonel G. E. Sopwith (Chairman): before thanking the 
aiiihors ami those who have coniiilMited to the disciKsinn I should like 
to ri-fer to one point. On p.agc Il(r) the authors state “ For all practical 
purposes the bullock wheel load may be assumed as a concentrated point 
load the distribution of pressure through the road crmi as conical and the 
area of the sulv-grade over which the pressure is applied ns a circle of 
radius equal to the thickness of the road ciast.” On this b.nsis they 
c.nlciilate that a thickness of inches of road metal is required to carry 
a wheel load of 1 ton on ro.ids through black cotton soil and of 14 
tons when the road is built over alluvial earth and loam. 

A large number of experiments wrre carried out in Peshawar to 
ascertain thl- area of wheel or iron lyre in contact with the road surface at 
any given moment and an average area of Ij square inches vvas the 

result The area of pressure on the sub-grade is therefore approximate!) 
a square with sides of thickness of crust plus iJ inches and thickness ol 
crust plus 1 inch respectively. For a 3-inch thickness of crust the area 
of pressure is St) per cent greater than that c.ilculated by the authon 
and for a G-incli crust 5G per cent greater. It is clear that the diagram 
so fir as bullock-carts are concerned gives thicknesses much greater than 
arc ncccssar)-. This paper which was extremely interesting has fed to a 
discussion which was even more interesting than the p.ipcr itseb. Mr. 
Jagdi<li Prasad has statril (hat the paper has been written for the roads 
as they rxtsi. In jny opinion, that is not going fir enough 1 agree with 
the Ollier speakers who have said that we should cnncenlralr on sojl 
sub-grades in order to be able to take nmic hi.ads 



On >our behalf I thank Messrs. Miicholl niul Jagdish Prasad and 
those svho have contributed to the ver^’ jntcrcsiiiiK discussion wliich we 
have had. 

Mr. S. G. Stubbs (President): I propose .i vote of thanks to 
Colonel Sopwith — [acclamation) 


correspondi:nck 

The information contained in the lolloumR four statements is 
icferred to in Mr. Nadir Shah's s|>ecch on page .iTi'n and was siqjplird 

by him subsequently. 


I. Rfat.nue from Motor Vliiu iks. 


Import duties on motor vehicles and pans thercol 

„ on pneumatic rubber tyres .and tubes 

„ „ on motor spirit 

Excise Duty on motor spirit 

Provincial, Local and Municipal Taxation, approvimate 


Ks. lakhs 
i:i:i Ihl 

:> IK 
IH 

•i-.’.-UtJ 


Rs. lakhs 


^ D . — The Excise Duty on petrol is increasing every year, at tlie 
rate, roughly of 10 per cent. 

II. Expfnditure in BRiTisn India on P. \V. D. and Local 
Board Roads during Tiir. year endino 81st March, lO.'l.'i. 

(From Provincial and Local Revenur) 


Province. 

Original works. 

Repairs. 

Total. 


Rs lakhs. 

Rs lakhs 

Rs lakh 

Madras 

.. 3CT. 

00 8 

130.3 

Bombay 

... 

‘}2'-l 

r>7‘4 

Bengal 

2’2 

21*4 

2G(5 

U. P. 

.. 07 

30-4 

31*1 

Punjab 

... 2-8 

oO-l 

01-0 

Bihar and Orissa ... 7’4 

42-1 

40-5 

C. P. 

... 31> 

31*1 

».'>•() 

As'am 

10 

27.f) 

20-1 

N. w. r P 

. . 0 o 

18-7 

lO-J 

Burma 

... 3*7 

'Mi 7 

4l)-4 


74:$ 4rj-2 4K(j-:i 

Add i Probable expenditure on Original Works fiom 

the Central Road Development Puml, estimated Wl H 
1 otal expenditure on p \\’ I) and Ixieal Boai d 

Boads .. .. .‘.hil'ft l.tkh* 
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III. Road ExPtNDnuRn on Roads in Charge of Municipalities 
IN India during the tear 1{>34-3^. 

(Excluding the cities oi‘ Calcutta and Madras.) 

Rs. lakhs 


United Provinces 12*17 

Bombay and Sind ^excluding Bomliay city and 

Karachi^ ... 15'4l 

Bomba) City. ... 54*80 

Karachi ... 3*14 

Bihar and Orissa ... 4‘6U 

Bengal excluding Calcutta ... 8*GG 

Assam ■ ... 1*77 

Punjab ... 9 on* 

Madras excluding Madras City ... IG‘98 

Central Provinces .. 3 8.3 

N \V F. province ... 0*78 

Burma ... 9 91 


Rs. 1 1 1*17 lakhs. 


Approximate expenditure inclusive of Madras 

and Calcutta, say, Rs 200 lakhs 


IV EXPFNDtTURC ON RoADS IN INDIAN STATES DURING THE 
YEAR 1934- 35. 

Rs. lakhs. 

Original W’orks Repairs. 


H)derabad Stale 


... 19-GO 

20*95 

Mysore 


... 1*31 

1 1*41 

Travanrore „ 


. (» CG 

9-08 

Cochin ,i 


.. 308 

2*17 

Indore 


... 0*09 

2*71 

Jodhpur ,, 


.. 0-55 

1*G2 

Bahavvalpur „ 


. 0-6.7 

0 93 

Bnroda ,, 


2*79 

2-C9 

Gwalior „ 


... 0 89 

9*2.7 



35'32 

GO-84 

Total : 




Originl Works and Repairs 

Rs. 9(> IG lakhs. 



Probable lota! e.xpendilurr inriiiding 

ollirr .Stales. 12.7 lakhs. 


* I)<r« not tnrlndr r\{M-ii{tiiiirr on Road wairnoa aniuimtinq in Rt. 2 l.nlhs. 



Paper G. 

Chairman — Mr. W. L. Murrell (Biliar) : 


In the abbcucc of Mr. G. B. 12. Truscoit (Author) the rollowinK p.ipcr 
was taken as read : — 




paper No. (G) 

CORRUGATIONS ON ROAD SURFACUS. 


By 

G. B. E. Truscott, CiiitP ExcinecR, TKAVASCoRr, State 


There \WM some discuMion during the third sBtion of the Congrest 

— l.t—-* — - — to tlm pjipcr 

id .ire oflcrcd 
■ best method* 

When building gravelled roads nowadays, we build a girder section 
{ddt Fig. 1) of about 18 inches deep by 2 feel wide and *1 feet 8 1 nehes centres 
to carry trafEc, which does not give much trouble by corrugations forming 
on the surface, but the two roads referred to were not So constructed and 
were purposely measured as they indicate what is fiWy to happen to metal- 
led roads in course of time. The foundation of road (i) {fide Fig. 2), is sand 
and the formation is of G inches of lateritc with about 8 inches of gravelled 
surface. The foundation of road (li) (etde Fig 8), is of hard soil with 0 
inches to 0 inch^< 'pt— ‘j- *•— •« r~* „• • • ’ 

tioubleinthe • ■ ’ ’ 

lions as shown • " • ’ ■ ‘ ^ !• *. * 

noticed that the corrugations generally vary from^ about 22 inches about 

80 inches and arc {fairly tegular, . , *• 

consolidated with hand or petrol - * * .* • 

likely that the reason may be attrib • ‘ 

noticed the same in a lesser decree ’ .. 

"—f -■ « , ... 1 have been 

■ ' ' „ ■ • " the wheels 

' ' its founda- 

* ■ " iurfacc and 

. ..JJowlng the 

to be tneked up Vihe a carpel ; but i do not propose lo advance 
any theory, but give the information in (he hope of obtaining the views of 
the members as to the best way of dealing with such problems. Concrete 
specialists will probably suggest that (he solution will be to lay concrete 
roads ; but the time is far distant when such a happy ending is likely and 
water-bound metalled roads with or without surface treatment are going to 
be with us for many years to come and sve have to make the best use of 
the materials at our disposal as with the advent of rubber-tyred buJlock- 
cam, the surface of roads will not in future be cut up as much as now 
xvith the existing iron-tyred svhecls, and surfaces *viU last for a longer time, 
•ind road engineers sviJJ not be so keen to dig up and reform what is other- 
wise a good surface merely because it is corrugated, especially if it has been 
surface dressed. This is a short paper but I hope I have given sufficient 
data to provoke a long and extended discussion. 




GIRDER SECTION OF GRAVEL ROAD. 



FIG. 
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Disscussions on Paper No- G. 


Mr. W. L. Murrell (Chairman): Tim last of .i .scrirs of \cry 
interesting papers of the Fourth Indian Roads Congicss introiluccs a sub- 
ject that is of vital importance to all road engineers in India uho have 
insuflicient funds at their disposal to enable them to cope with the c%cr 
increasing motor traffic Mr. Truscott has performed no mean public 
service in giving us his paper, and it is unfortunate that he could not be 
present to see the results of his initiative. We miss Ins genial pcrsonalit>. 
Mr. Truscott expects a long and extended discussion, so I propose to 
have “first say.” 

I do not quite agree that the author's use of the word “ weight ” as 
applied to road rollers, is quite correct. Should we not use the uord 
“ size ” ? 

It is very doubtful whether a 12-ton roller will give a greater intensity 
of pressure than will a 6-ton roller. Tlie great point is, I think, that 
the larger roller can do almost twice the area in a given time. 

And now, for road corrugation. I would quote portion of an 
article which was published in Indian Engineeting for October 7, I'JJd 
It describes a simple experiment on a motor vehicle, and indicates 
a very probable cause of corrugation : “Jack up one rear wliccl of a 
motor car. Keep the other rear wheel on the ground and between cliocks. 
Put the car into gear and release the brakes. Nc-xt, grasp the lowest- part 
of the lifted wheel and move or rotate it a little forxvard, l.c., towards the 
front wheel, until the resistance of the engine compression can be felt. 

A little consideration will show that, under these conditions, with 
the hand pushing the lowest part of the tyre foixvard til] the compression 
is felt, every single pair of rolling or sliding friction surfaces in the whole 
of ihc power and transmission systems— from the piston right down to the 
rim of the grasped wheel— is arranged c.xactly .is if the gas expanding in 
the cylinder were being employed to make the rim and tyre push the 
road backward relatively to the car : that is to say, as if the car were 
being driven ordinarily along the road 

Now get two or three persons to stand on each running board and 
bounce the body of the car up and down as though it were travelling on a 
roughish road. It will be found that every time the car body comes down 
on the springs, the portion of the wheel grasped and thrust forward by the 
observer, gives a definite kick backward. This phenomenon is even more 
obvious ifthc rear snubbers, or shock absorbers, be removed. In other 
words, when a car is moving along a road, for every bump the road gives 
to the back wheels, they retaliate on the road immediately with a vigorous 
kick. ' 


And, obviously, the higher the speed and the greater the pressure in 
the c>linder — the more severely will the bump be felt, and the more 
severe will be the backward kick ol the wheel. 

Still further, so long as the car continues to bounce afier_ such a 
bump, so long will it continue to administer a scries of such kicks. It 
seems to me that these backward kicks arc the chief cause of coi^gation. 
^ To sec is to believe. I invite you to inspect the car which has been 
jacked up outside. Needless to say. the phenomenon is common to all 
motor \ chicles, regardless of type or make. . 

There appears indeed, a complete analog)' between this phenomenon 
and'thc formation ofuaves at sea, which arc increased by the force of the 
gale striking their summits. 
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At sea also die deeper the wafer, the larger can a wave become. On 
a road, where there are soficr conditions in the sub-grade, tlie larger can , 
a corrugation become. 

That, gentlemen, is the theory of road corrugation, which I submit 
to you. 

As to the prevention of coriugation, I know of no method, but 
something can be done to minimise it. 

A few months ago, C.nptain Hall, C.I.E., M.C., the Chief Engi- 
neer. Bihar, presented Rs. 50 as an lionorarium to sectional and sub- 
divisional officers for the best paper on the prevention of water-bound 
road corrugation, (a) jiresuming that sealing was not financially possible, 
and (&) assuming that it was. 

Of course, gravelled and even built-up earthern roads will corrugate, 
but in Bihar the Public Works Department arc concerned more with 
water-bound macadam 

There was an enthusiastic icsponse from the out-door staff. It is 
interesting to note that the replies showed the supreme importance oi 
getting a good smootli surface, as fiec from bumps as possible, at the 
lime of consolidation of die water*bound surface. 

To effect this the sub-divisional officers laid stress on several practi- 
cal requirements, some of which arc 

(1; To obtain evenness of grade by checking the consolidation 
longitudinally with a 50 ket string during dry rolling. 

(2j To prevent local depressions during dry j oiling by loosening the 
partly-consolidated metal in low spots, and sprinkling a few handfulls 
of more metal before continuing the dry rolling. 

(3) To prevent the formation of initial waves during consolidation 
by having the roller-gearing in good condition, so as to prevent jerky roll- 
ing, and by taking long runs so as to minimise stopping and reversing the 
roller. 

But, above all, the sectional and sub-divisional officers stated that by 
far the easiest way of minimising corrugatioh was to seal the water-bound 
macadam. 

It might be mentioned that a few months before the receipt of these 
papers, I had offered an honorarium for the brst paper on the sealing of 
WAter-boiind macadam. The results weie instruclive and led to ciianges 
in specification. In addition, all concerned showed a greatly increased 
keenness on their out door work. 

Indeed, the Government of Bihar have now allotted Rs. 2U0 annually 
for such honoraria, and it is hoped that we will be able to do more to 
combat corrugation and other road troubles in the future. 

However, the Chairman has wandered off the subject, and it is hoped 
that this grave offence will not be committed by the speakers who arc 
now invited to express their opinions from this platform. 

Mr. Iftikhar-ud-Din Mufti (M. E. S.); Corrugation, or waves, or 
undulations liable to appear in all types of roads surfaces arc often due to 

(a) Improper consolidation. 

(b) Use of unsuitable binders. 

(c) Uneven sub-grade. 

(d) Inadequate key with the soling of the road mcial. 

(e) Inadequate grasp of the nature and permeability of soil 
on which the roads were originally made. 

(/) Lack ol proper diainage in liic sub-grade. 



PArCR (G) 


7fc) 


No matter how durable road metal and gravel may be, they cannot 
be used successfully in a road surface unless they can l>c ucll houndetl 
together to offer a successful resistance to moving and variable traffic. 

Clay is the usual binder available The suitability of any particular 
clay for use as a binder depends upon its properties. If a good (non-sl.ik- 
ing) variety of clay is not available, the clay must be mixed in suitable 
proportion with sand. Even with light traffic many failures were 
found, these were not due so much to the wrong use of metal or grasel 
but to the fact that very Hule alicniion had previously been paid to thr 
proper preparation of the sub-grade of the original road. Tlic chief 
enemy of the road, however, is a damp foundation. Tliis dampness 
penetrates through the surface either by condensation or by water working 
in from the sides of the road. Further, if the sub-grade is weak it will 
deform due to the ponding action Iraflic, because the surface is not strong 
enough. A cure of this might be to put down such a strong key with the sol- 
ing of the metal that it will itself support the weight and sustain the 
thrust of the traffic. It must be realized that it is (he sub-grade which 
really carries the weight of x-ehlclcs and that the formation of the road 
is merely to distribute that weight over .a larger area. The sub-grade 
must be prevented from moving to such a degree as will cause deformation 
of the road surface above it, under the action of tralTic. If the sub-grade 
is composed of unsuitable material and if water has access to it, the 
earth underneath will move and the road surface will form corrugations. 
It will be seen that the character of the sub-gradc lias a great chcct upon 
the stability of the road surface no matter what material may be used for 
the latter. Unless the foundation is hard and firm and properly shaped. 
_ the resulting road will be bad and will remain bad. Improperly made sub- 
grades are the causes of great waste of money and frequently when a 
road breaks up, the blame is placed upon the particular type of binder 
used, whereas the real cause was probably a badly prepared sub-grade. 

Many failures in road construction works arc due to the lack of pro- 
per drainage of the sub-grade. It has generally been the case tliai 
owing to paucity of funds for construction, savings have been mnilr by 
omitting culverts, etc., or in other words, by inking a chaticr in ilir 
matter of proper drainage. Money can he saved in mnininining the rniuU 

and thereby incrc^*:"" • on the dminngn of hmiIx 

are earned out ■ In this rrsprct del.illnl 

reconnaissances s • . . . edition In find r*ul <h 

how and where drainage is deficient. Tlic principle of tlrnliuige nhiiMld Im 
thatsurface water is taken away from the road anil rfi.'ul-sldeii lirlnra II h'** 
lime to saturate in the sub-grade from the side draitis. 


Mr. G. D. Daftari (Bombay): Corrugatiuii Im-vliiddc- uu 

roads having water-bound surfaces, carrying f.urly heavy iiml l''‘•l Mi'u liui 
irafTic of mechanically propelled vehicles. I am ri'it awnio nl aiiV niMh"'' 
by which they can be entirely climln.'itcd, ihounh liliMluah ‘ 

devised to delay their formation to some extent. , 

Motor vehicles, fittlcd with springs and |i(inimiiti' IV n* ‘‘'ai 
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that if traflic is allowed over freshly prepared surface without allowing 
time for the surface to harden, corrugations form within two weeks, while 
if a couple of days’ interval is allowed the formation of corrugation is 
delayed for about three months. 

In the Poona Division, we have some 300 miles of water-bound 
roads. We engage maintenance coolies, at the rate of a mile a cooly or 
two miles a cooly, according to the importance of the road. One of the 
duties of the miJe-cooJics is to fight the corrugation. The fight consists in 
disturbing the corrugations in blindage by brooming the surface fairly 
frequently. It is estimated that about one-third of the time of these 
coolies is spent in such a fight, and the annual cost per mile is roughly 
computed at Rs. 20 per year. Thus, an amount of about Rs. 6,000 to 
Rs, 6,000 per year is spent in a Division like Poona in fighting this evil ol 
corrugations, and I shall be very grateful if some members of the Congress 
will tell us, or can suggest, what steps they are taking to meet with the evil. 

Mr. U. J. Bhatt (Bhavnagar) : This is indeed a thought-provoking 
paper. The first thing one notices in the chart is the regularity of the 
corrugations. This regularity suggests that corrugations have a definite 
relation to speed, which ranees between 16 and 60 miles per hour 
in urban roads and with the diameter of the ^vheels. I agree with Mr. 
Daftari that the corrugations arc due more to'’ pulsating pressure. The 
members of this Congress would have noticed the regular corrugation 
on the road between Hyderabad and Secunderabad. I was given to 
understand by the engineer in charge of this road that this corrugation 
was only temporary and that it would be prevented from further growth 
by surface coating. But as soon .as the new coating loses its elasticity the 
corrugations will re*appear. It is the advantage of cement concrete that 
as it has a hard face it will prevent corrugations forming easily. 

Mr. J. C* Guha (Bongnl): Wave formations are noticeable on 
almost every kind of ro.nd .siiilacc subjected to heavy and fast-moving 
motor traffic, possible exceplioni being stonc-sett pavement on concrete 
foundation and cement concietc p.nving. The latter types of roads 
are left out of consideration as thc.sr me very expensive and as the author 
of the paper rightly observes, in the case of cement concrete roads 
that the time is far distant when such happy ending is likely and water- 
bound metalled roads with or without surface treatment are going to 
be with us for many years to come. We shall consider the cases of water- 
bound metalled roads only with or without surface treatment. 

Broadly speaking, corrugation on road surfaces are due to the 
following causes : — 

(j) Tractive resistance, Tlic tendency to corrugate varies directly as 
the tractive resistance. Tlie lower the tractive resistance, the less chance 
is there of waviness being set up. 

(2) Vibration at the rear wheels due to sudden increase in the driving 
force to overcome the front wheel resistance. This vibration causes 
periodic wear at the driving wheels and consequent waves. 

(3) Tangental force due to driving action. This has the effect of 
moving the fine materials towards the ridges of the waves. 

(4) Frictional force due to breaking, which helps the wheel action to 

make ' ■ ’ . *•- , , , 

> • ' *he back of the moving wheels 

of mot. . ■ • " ng materials, facilitating formation 

of corrugation and pot-holes. 



PAPER (G) 


9 (^) 


Let us first take the case of water-bound metalled roads without 
surfacing. In this case, the factors mentioned befoie together with 
the impact of the moving wheels and weather action cause disintegration, 
movement of the surface and formation of waves In the past, bullock- 
carts and other traffic would cause disintegration of road suriaces and 
pot-holes, but there was no trouble with corrugations which are mainly the 
result of fast-moving motor traffic. The corrugation being fairly regular 
as observed by the author of the paper, may be due to running of several 
vehicles of the same type and same length of wheel base on these roads 
There might be other reasons for this which require investigation 

We next consider the case of water-hound roads painted with tar or 
bitumen. 

Formation of waves is of frequent occurrence in these roads. This is 
brought about by the fine topping course moving backwards and forwards 
into waves while the larger materials remaining in the hollows 

To mitigate the causes of corrugations in painted roads, I tried the 
following method with fair success in Bengal. 

(1) Minimum but adequate quantities of matrix in view of the 
condition of the water-bound surface were found satisfactory Quantities 
in excess were found to favour formation oC waves 

(2) In surface painting, fine stone chips or sand caused corrugation 
Stone chips 8/8'inch to S/4-inch size containing a large proportion of 
ii-inch, gave very good results. 

(S) Two coats of surface painting were put iniiially, the second 
coat being put two to three months after the application of the first coat. 
The base coat was of thin road tar or thin liquid asphalt of high 
penetration power, but the second coat was of hot bitumen. In one 
experiment over laterite surface, a top coat of hot bitumen painting over 
a base coat of liquid asphalt gave satisfactory results. 

Another usual.method of surface treatment is bituminous grouting of 
2-inch thickness. This is more expensive than painting, but is applied 
on roads subject to comparatively heavy traffic. Corrugations are noticed 
in these roads also. In this case too, satisfactory results were observed by 
the use of minimum quantities of matrix and large stone chips. Premix 
carpeting gave better results than grouting. The reasons are obvious. 
I used 2 inches of shelcretc over 3 miles of a road, 12 feet wide, more 
than a year ago. The foundation consists of 2 inches to 3 inches 
' • ' • tal and soling This 

ent results have been 
The cost compared 

. ' peting, which were 

experimented on the same road. ’I'he tirm charged hire for the mixing 
• plant and pay of the driver at Rs. 16 for each working day and Rs. 8 for 
each non-working day. If they could reduce this charge, the cost would 
be still less. 

It may be rather easy to reduce the chances of corrugation by taking 
precautions when ne%v surfacing is done. The question is how to remedy 
the wavincss that has already occurred on bituminous roads. This 
is a problem which requires investigation to find out the best method 
of dealing with it. 

Mr._ R._ A. Fitzherbert (Bombay) : The author suggests that 
corruption is caused “ by the friction ol the wheels of fast-moving motors 
slightly moving the whole metalling fix>m its foundation or by the impact 
ol the wheels crushing the under-surface and destroying its bond with 
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that if trafiic is allowed over freshly prepared surface without allowing 
time for the surface to harden, corrugations form within two weeks, while 
if a couple of days’ interval is allowed the formation of corrugation h 
delayed for about three months. 

In the Poona Division, we have some 300 miles of water-bound 
roads. We engage maintenance coolies, at the rate of a mile a cooly or 
two miles a cooly, according to the importance of the road. One of the 
duties of the mile-coolies is to fight the corrugation. The fight consists in 
disturbing the corrugations in blindage by brooming the surface fairly 
frequently. It is estimated that about one-third of the time of these 
coolies is spent in such a fight, and the annua! cost per mile is roughly 
computed at Rs. 20 per year. Thus, an amount of about Rs. 6,000 to 
Rs. 6,000 per year is spent in a Division like Poona in fighting this evil of 
corrugations, and I shall be very grateful if some members of the Congress 
will tell us, or can suggest, what steps they are taking to meet with the evil 
Mr. U. J. Bhatl (Bhavnagar) : This is indeed a thought- provoking 
paper, The first thing one notices in the chart is the regularity of the 

corrugations. This regularity suggests that corrugations have a definite 
relation to speed, wlfich ranges between 15 and 60 miles per hour 
in urban roads and with the diameter of the wheels. I agree with Mr. 
Daftari that the corrugations arc due more to"’ pulsating pressure. The 
members of this Congress would have noticed the regular corrugation 
on the road between Hyderabad and Secunderabad. I was given to 
understand by the engineer in charge of this road that this corrugation 
was only temporary and that it would be prevented from further growth 
by surface coating. But as soon as the new coating Joses its elasticity the 
corrugations will rc-appear. It is the advantage of cement concrete that 
as it Has a hard face it will prevent corrugations forming easily. 

Mr. J. C- Guha (Bengal): Wave formations are noticeable on 
almost every kind of ro.nd surface subjected to heavy and fast-moving 
motor traffic, possible exceptions being stone-sett pavement on concrete 
foundation and cement concrete paving. The latter types of roads 
are left out of consideration as these are very expensive and as the author 
of the paper rightly observes, in the case of cement concrete roads 
that the time is far distant wlien such happy ending is likely and water- 
bound mefalJed roads with or without surface treatment are going to 
be with us for many years to come. We shall consider the cases of water- 
bound metalled roads only with or without surface treatment. 

Broadly speaking, corrugation on road surfaces are due to the 
following causes : — 

(J) Tractive resistance. The tendency to corrugate varies directly os 
the tractive resistance. The lower the tractive resistance, the less chance 
is there of wavincss being set up. 

(2) Vibration at the rear wheels due to sudden increase in the driving 
force to overcome the front wheel resistance. This vibration causes 
periodic wear at the driving wheels .and consequent waves. 

(8) Tangental force due to driving action. 'J'his has the effect of 
moving the fine materials towards ihr ritlgcs of the waves, 

(4) Frictional force due to breaking, svhich JjrJps the tvhccl action to 
make the road materials creep /bnvnrtl. 

(6) Vacuum or sucking c/IcCt at the h.irk of the nioving wheels 
of motor cars. Tin’s loosens the blinding inaterinh, C.irilit.Tting formation 
of corrugation and pot-holes. 
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Let us first take the case of water-bound metalled roads without 
surfacing. In this case, the factors mentioned befoie together with 
the impact of the moving wheels and weather action cause disintegration, 
movement of the surface and formation of waves. In the past, bullock- 
carts and other traffic would cause disintegration of road surfaces and 
pot-holes, but there was no trouble with corrugations which are mainly the 
result of fast-moving motor traffic. Tlie corrugation being fairly regular 
as observed by the author of the paper, may be due to running of several 
vehicles of the same type and same length of wheel base on these roads. 
There might be other reasons for this which require investigation 

We next consider the case of water-bound roads painted with tar or 
bitumen. 

Formation of waves is of frequent occurrence in these roads This is 
brought about by the fine topping course moving backwards and forwards 
into waves while the larger materials remaining in the hollows. 

To mitigate the causes of corrugations in painted roads, I tried the 
following method with fair success in ficngal. 

(1) Minimum but adequate quantities of matrix in view of the 
condition of the water-bound surface were found satisfactory Quantities 
in excess were found to favour formation of waves 

(2) In surface painting, fine stone chips or sand caused corrugation 
Stone chips 3/8-inch to 3/4'inch size containing a large proportion of 

1- inch, gave very good results. 

(3) Two coats of surface painting were put initially, the second 
coal being put two to three months after the application of the first coat. 
The base coat was of thin road tar or thin liquid asphalt of high 
penetration power, but the second coat was of hot bitumen. In one 
experiment over laterite surface, a top coat of hot bitumen painting over 
a base coat of liquid asphalt gave satisfactory results. 

^ Another usual,method of surface treatment is bituminous grouting of 

2- inch thickness. This is more expensive than painting, but is applied 
on roads subject to comparatively heavy traffic. Corrugations are noticed 
in these roads also. In this case loo, satisfactory results were observed by 
the use of minimum quantities of matrix and large stone chips Premix 
carpeting gave better results than grouting. The reasons arc obvious 
I used 2 inches of shelcretc over 3 miles of a road, 12 feet wide, more 

a year ago. The foundation consists of 2 inches to 3 inches 
of Rajmahal stone metal, over 6 inches ofjhama metal and soling. This 
road is subjected to very heavy motor traffic. Excellent results have been 
obtained so far, and there are no signs of corrugation. The cost compared 
favourably with other kinds of grouting or carpeting, which were 
experimented on the same road. The firm charged hire for the mixing 
plant and pay of the driver at Rs. 16 for each working day and Rs. 8 for 
each non-working day. If they could leduce this charge, the cost would 
be still less 

It may be rather easy to reduce the chances of corrugation by taking 
precautions when new surfacing is done. Tlie question is how to remedy 
the Waviness that has already occurred on bituminous roads. This 
IS a problem which requires investigation to find out the best method 
of dealing with it. 

Mr. R. A. Fitzherbert (Bombay): The author suggests that 
corrugation is caused “ by the friction ol the wheels of fast-moving motors 
slightly moving the whole metalling Com its foundation or by the impact 
of the wheels crushing the under-surface and destroying its bond with 
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the soling or foundation and so allowing the metalling to be rucked up 
like a carpet.” In my opinion, corrugations may be caused by the 
vertical oscillation set up by the springs and the resultant varying 
pressure of the wheels on the road. Probably the wheels periodically spin 
or skid, exerting a brushing cflect along the axis of the road. 

With reference to corrugations appearing in blindage, such corruga- 
tions unless remedied immediately arc eventually transmitted to the metal 
surface ; I have seen them on a new road surface. My experience is that 
roads made with soft road metal corrugate mucli more quickly than roads 
made with hard road metal. Some engineers say that sand blindage 
corrugates more readily thanmoorum blindage, but the experience in other 
Provinces such as Bihar is quite different I have noticed corrugations 
even on earth roads used only by bullock -carts. This sounds incredible, 

I know, but there were definite short ridges on the earth roads used by 
bullock-carts which were definitely corrugations. Sometimes we get 
a wavy surface on roads immediately after consolidation and this can only 
be explained by assuming that the road-roller pushes the metal along, 
making a ridge, and then rolls over this ridge 

Mr. W. A. Radice (Calcutta) : It has been very interesting to me 
to hear the views of so many delegates on the probable causes of road 
corrugations. I am not a road engineer but I think I may perhaps save a 
considerable amount of speculation if I tell you something of the 
investigations which have gone on for years into the causes of rail 
corrugations generally known as "roaring rails". It may comfort road 
engineers to know that railway engineers, after years of study, still 
consider the problem as insoluble. As, perhaps, has been revealed by 
today’s discussion this is a subject about which quot hominoi, tot sententiae. 

In spite of a diversity of opinion there arc certain results which seem 
to me to be valuable pointers towards finding a solution of the road 
corrugation problem. 

As several speakers have indicated, the first factor that naturally 
comes to one’s mind is (he road surface. In the case of ‘‘roaring rails ” 
the surface is rolled steel and infinitely harder than any road surfacing 
mateciaU la spite of this hardness^ under cectalo. clccumstances, regular 
corrugations form on their surface, exactly as on our courderoy roads, 
except that the pitcli of the corrugations is much smaller, of the order of 
1 to 2 inches and the depth much shallower. This fact seems to indicate 
that the nature of the road surface is not a factor causing or not causing 
corrugations and my deduction from the railway analogy is that it would 
be waste of time to pursue the investigation further in this direction. 
There can be no doubt that the nature of the road surface has an influence 
on the registration of the effect ; for instance a plastic road surface will , 
register corrugations more easily and more pronouncedly than a harder 
road surface, but this responsiveness of the road surface must not be con- 
fused with the inherent causes producing these objectionable corrugations. 

The railway engineers also followed this line of thought and the rail 
corrugations wcic ascribed by some to the piocess of rolling the steel into 
tiic mil shapes It was thought the corrugations being regular, that in 
rolling, the metal was squeezed up in waves of hardness. This rather 
speculative idea has been definitely disproved by trying out in places 
wlicrc rails persistently became roaring rails, rails rolled in different 
wa\s, slowly and faster, at differing temperatures and Ibi varying periods 
with varying number of passes through the rolls. In the outcome it was 
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found that none of these variations had any cllcct on the appearance of 
corruJ^ations 

This negative result pointed the way to another possible cause, 
that is the stability of the road bed. It was found that certain stretches 
of line always produced roaring rails and that others did not. Systematic 
comparison of observations soon established the fact that the stretches of 
line where corrugations formed were gcneially on quaky or vibrating 
soils. 

An example of liistorical interest is perhaps tvorth quoting. AVhen 
Stevenson began building the first railways, one of the earliest was the 
line between Manchester and Liverpool The railway engineers W’crc 
faced, in this construction, with the problem of building a high embank- 
ment across Chats' Moss, a swamp m which whole oxen were reputed to 
have disappeared /Ml attempts to cross this bog were unsuccessful 
until the idea occurred to Stc\cnson to float the embankment A large 
mattress of brushwood, over 20 feet thick was deposited across the 
marsh and the earthwork was made on it As earth was deposited its 
weight drosc the brushwood mauicss mio the bog until the embankment 
rose to the required height where stability was reached. TJic success of 
this device can be appreciated by the fact that this embankment carries to 
this day some of the fastest expresses m the world m perfect safety. It is, 
however, one of the worst stretches of line for the formation of roaring 
rails 

Other w’elhknoun suetches aic the first few miles of the East Indian 
Railway mam line out of Howrah, and the Dacca-Narayangunj section of 
the Eastern Bengal Railway In another bad ease a cure was effected by 
using sleepers 18 feet long instead of the standard 0 feet 6 inches. 

I would suggest therefore, that the cause of corrugations may be 
the \ibrational properties of the road embankments and of the soil on 
which they rest and would suggest that the line of enquiry most capable 
of bearing fruit would be a careful classification of all stretches of roads 
where corrugations occur and a comparative study of the natural period 
of vertical vibration of the embankment and subsoil and of the amplitude 
of the verticaWibrations produced by dropping on the road a standard 
'vcight from a standard height. 

When we consider that vehicles passing over a road do so at differing 
speed, that the axle loads and the springing vary, even the tyres vary, it 
seems conclusive that it would be difficult to find the inherent cause of 
corrugations in the vehicles themselves oi the action of their wheels on 
the road surface in view of the regularity of the corrugations themselves 
as clearly brought out by Mr. Truscott m bis paper. The role the 
vehicles play m the matter would appear to be limited to the causing of 
'crtical vibrations m the roadway as we have all experienced when a 
• • . * ' . . • ’ .. j. office. 

• . ' ' vibratory and that 

I be that in dealing 
determining factor 

IS resonance. We have all heard of the perfectly true statement that if 
We could eliminate internal friction a series of drops of water falling 
regularly on a bridge girder at the precise interval of the natural period 
of vibration of the girder would set it vibrating with ever increasing 
‘tmplitude until the girder would shake itself to pieces 

Ifs>stcmatic inxcstigalion on the lines suggested by me should reveal 
that vibrational resonance is the true cause of road corrugations, the 
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discovery would simultaneously give us the means of curing the objection- 
able tendency. 

In the case of a vibrating mass such as a road embankment and the 
soil on which it rests the natural frequency of vertical v’ibration 
varies directly as the square root of the coefiicient of sinkage of the mass 
into the soil under the effect of the vibration. In order to avoid resonance 
either the mass vibrating should be varied in weight or size or the value 
of the coefficient of sinkage changed or both. 

This could be effected m several ways, such as driving a few piles 
through the mass, introducing a soling of stones under the macadam 
surface or even by altering the specific gravity of the road metal, etc. etc. 

Mr. Fitzherbert’s experiences which he has just given us seem to 
confirm this. 

Thus my advice is to locale systematically the stretches of road 
which corrugate persistently and to study the vertical vibrations produced 
therein by a standard impact. Everything seems to indicate that a 
comparative study of the results may lead to important conclusions and 
show the way to remedy the trouble. 

Mr. N. Das Gupta (Calcutta) : The problem of corrugation of 
roads is a most complicated one and the causes of corrugation are different 
for different types of roads, ic, whether it is water-bound macadam, 
gravel, or bituminised road. I would give my humble views on the 
subject before the Congress for its consideration. 

The corrugations in the water-bound surface are mainly due to in- 
sufficient metal and bad rolling. Very rapid rolling with a bad jerky 
roller is sure to produce marked corrugations m a water-bound road even 
if the stone may be of the best available quality. 

The corrugations in gravel, I believe, are due to want of proper 
grading of the soil If a sieve test of the gravelly soil be made and the 
deficiency in any particular size be made good, so that the mix may adhere 
to the maximum density cuiwe, as far as practicable, there will not be any 
corrugations. 

The corrugations in the third case, that is in bituminised roads, are 
due to excess of bitumen, if the base on which the carpet haybeen laid was 
true to grade and camber- 

Thc method of stabilising gravel roads in order that they may not 
corrugate would be to analyse several samples of soil taken from different 
parts of the road to be improved, and find out the percentages passing 
through standard sieves of 10, 40, 80 and 200 mesh. A maximum 
density curve will give the percentage of materials passing through 
each sieve that will be required to make a mi-xture, which would theoreti- 
cally contain no voids. The next step would be to add the materials 
which are deficient in the samples tested. By several tests it will be 
possible to find out a composition which would give a curve nearly 
identical with the maximum density curve. 

Satisfactory general grading limitations are as follows : 

Passing l-inch screen ... 100 per cent 

Total passing J-inch screen ... 50 to 70 per cent 

,, ,, 10 mesh sio’c ... 35 to 60 per cent 

Passing 200 mesh sieve ... 7 to 14 per cent 

As a protection against the ravaging effects of heavy showers of rain, 
this stable mixture can be treated with a light slow curing cut-back 
asphalt according to the empirical formula ; 

P='02a + *04 b + 0-2 c 
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A\herc I’=pcrcciuagc of cul*l>nck aspliah required 

a = percentage of maicrials retained on a 10 mesh sieve, 
gravel or shingle. 

b = perccntagc of material passing 10 and retained on 200 
mesh, i.c., sand 

c = pcrccniagc of material passing 200 mesh, i.c., dust. 

Mr. S. R. Panic (Anantapur) : The reasons advanced in the 
paper seem to me to be the causes in the main, unless or until the contrary 
is proNcd. I would only try to amplify these slightly and seek enlighten- 
ment at >our hands on these points If these details are true, the remedies 
arc also plain. 

^Vhen a roller is in action, (he metal immediately m front of its 
bottom point moves slightly forwards and downwards. The strip of 
metal in front which is so displaced by the metal in the rear moves 
up-,\ards and a little foiwards before it is finally pressed down. Tins 
movement or change of ihc surface is \cty marked if the roller is heavy 
and the metal coal very plastic and thick. The new metal then swells 
up to a height so as to make it impossible for the roller to move 
foruard In the process of consolidation, the upper horizontal surface of 
the metal coat docs not drop down, but turns into a wavy surface with a 
"ell-defined depth As die process of consolidation advances, the depth 
of the coriugaiion gels less and less, and probably the pitch of the waves 
slightly increases, till in the end neidicr is visible to the naked eye. But 
all the same they are there in a lesser degree If, Ijowevcr, the metal 
coat is trampled instead of by a roller the consolidation takes place by 
the metal moving down directly If this is accepted, it follows that the 
depth of the waves will be negligible if (!) the roller used for interlocking 
the metal or the initial dry rolling should be a light one (2) the 
adherence between the new metal and the undercoat is cfTective, and 
(3) the new finished surface is not thrown open for traffic when it is green. 

Mr. Syed Arifuddin (Hyderabad-Deccan) : There are two views 
With regard to the causes producing corrugation on roads These arc 
already mentioned in the paper. To know whether insufficient consolida- 
tion is lesponsiblc for corrugation or not, Mr. K. G. Mitchell, CI.E., 
Consulting Engineer to the Government of India (Roads) had asked me 
about six months ago to conduct certain c.xpcrimcnts. These have been 
carried out. 

Tlic first experiment was to pick up the old metal surface, add 
3 inches metal coat and consolidate it with 12-ton roller in the usual 
manner. 

In the second experiment, after picking up old surface and spreading 
the new 3 inches metal it was hand packed carefully and consolidated in 
the usual manner by 12-ton steam road roller. 

In the third experiment after picking up old surface half the quantity 
required for 3 inches coat was first spread, then a layer of about J inch 
moorum was spread over it ; the remaining halfquantity of metal was then 
spread over the moorum Ia>er and consolidated with the 12-ton roller in 

the usual manner. 

4th, 5th and Gtli experiments were exactly the same as Ist, 2nd 
and 3rd respectively, except that the consolidation tvas done by hand 
ramming rammers wcigliing about 12 pounds. 

It is nearly months since the work was completed but no corrugation 
has developed up till now in any of the sections. The surface consolidated 
with hand rammers is not so even as that consolidated with steam road 
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roller. These experimenls go a long way (o prove that insufficient 
consolidation is not responsible for the corrugation. From what I liave 
observed I find that few of the metalled roads but many of the moorum 
roads have developed corrugations. I am more inclined to believe in the 
theory that automobile traffic is chiefly responsible for this when a large 
number of automobiles passing over the road have more or less the same 
wheelbase. It will, therefore, be advisable to take a census of vehicles on 
those roads which show such corrugations to test this theory. 

Mr. Dildar Hussain (Hyderabad-Deccan) : Members of the Indian 

Roads Congress have no doubt read a vcr‘ t 

E. P. Little, I, S.E , Executive Engineer, ■, ! ■ 

I’oona, which appeared in the jnagazine 

The writer has made some very useful observations on the subject of road 
corrugations. 

As Mr. Truscolt has observed in his paper, it must be admitted that 
water-bound metalled roads with or without surface treatment arc 
going to play an important part in our system of communications for 
many years to come, and therclore the question of corrugations brought 
about by the fast traffic has to be tackled by the road engineer. 

Now, as is well known, there arc two types of corrugations — primary 
and secondary. The primary or the inherent one is obviously to be attri- 
buted to defective consolidation. If the surface is not picked properly so as to 
expose the sub-grade, the action that takes place is that during consofi- 
dation the fiont wheel of the roller pushes the metal forward, giving rise to 
(he shape of a mound until (he friction between (he metal and the sub sur- 
face becomes so great as to stop the forward movement of the metal. The 
roller wheel mounts over this peak and passes forward, the descending 
motion causes a depression, while (he rear wheel in passing over this peak 
and by its reaction lielps in pushing (his raised metal ridge behind. The 
ridge is thus formed due to a dual action. The ridges are no doubt small, 
but the result is that we get the road with an uneven surface. 

The secondary corrugations may be ascribed mainly to the existence 
of excessive blindage on the road surface, and are the result of the spin 
of the wheel ol the car and the action of the air spiral formed by the 
peculiar shape of the body of the car. Mr. Truscolt has not mentioned 
anytliing in his paper as to what kind of roads are those on which he has 
made his observations. The corrugations noticed by him have been given 
to inidicate what is likely to happen to metalled roads in course of time. 
It is therefore probable that the roads he has referred to are not of metal. 

The auiiior observes that corrugation may be due to the friction of 
the wheels of fast moving motors slightly moving the whole metall- 
ing from its foundations or by the hammer action of the 
wheels crushing the under surface and destroying its bond -witli 
the soling or foundations and so allowing the metal to be rucked 
up like a carpet. If this were to be the case, \vc have to take it for 
granted that the road has reached such a stage of disintegration 
and that its breaking up is only a question of time. For, once the bond 
of the metal is shaken the metal crust by itself cannot long withstand the 
impact of the traffic. Metal will be loosened and the formation of pot- 
holes will begin. Mr. Truscott has thrown no light on the actual state 
of the road surface he has referred to. 

Let us consider tlie surface of a mettalled road which has just been 
blinded, and on wliicii no car has passed. 
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The surface will be like ibis : — 






Now when n car passes over this surface, the same action lakes place, 
viz., the formation of a peak at one place and a relative despression on 
the other. This despression U obviously supcrftcial. altUoupU after the 
formation of corrugations it would appear as if the metal surface 
itself had undergone subsidence in one place and had risen in another. 
The shape taken by tlte blindage is somevs'hat as this; — 




Tlie vacuum formed under the pneumatic tyre at the point of contact, 
and the inrush of air at the sides, apparently causes the wearing o{ 
blindage which gives the appearance of corrugations ns shown below : — 



Tlicse' peaks which have the section of a triangle arc constantly under 
compression by the front wheel of the passing vehicle and the reaction of 
the rear wheel. This double compression leads to hardening of the 
blindage at these peaks The stalT in charge of the road, noticing the 
corrugations add a further coat of blindage, but as theie is no adhesion 
between the existing surface and the new blindage, the blindage is again 
pushed up, rolled and pounded, the ridges remaining where they were. 
The only elTcct is that for the time being the depression which had been 
subject to impact action gets a little respite 

The pitch of the corrugations as given by Mr. Truscott varies from 
24 td'42 inches, while the depth varies from J to SJ inches, fW# Figure 2. 
In the case of the other road, tiie pitch varies from 24 to SO inches and 
the depth from I to II inches, vide Figure 3. 

I will give you* a few results of my observations on a corrugated 
road surface : — 


Pitch of 

Depth of 

Thickness of 
blindage on 

corriigition^ 

tmiiKh. 

the peak. 

Pert. Inches 

Inch 

Case !• 

Inch. 

1 10 

0 60 

0 50 

1 10 

0 GO 

0-53 

1 10 

0 75 

050 

1 0 

0 7.'» 

0 50 

1 0 

0 7.6 

0 55 


Depth nf trough 
aHer removing the 
b]in(!a<;e peak. 

Inch. 

0 20 
0 20 
0 20 
OJtO 
0*2.'i 


fllrh of 
Comutationi 


CASH II. 

(on the same road) . 

Depth of irmmh nnrVne*-* "f hh««laoc p<-plh of irou? i 
' on the Teak. after remoMne the 

blind.t^e Veafc 


I'cft, Inrhe*. 
2 .1 


0 


rm. Inches. 

0 00 ) 

1 10 \ 

I 00 1 

Hoad surface alnnit to break up 


Very’ Ultle blindage. 
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Tcct. Indies, 

2 ID Troughs 

2 1 just 0 GO 

2 3 forming 0‘7o 

With regard to the pitch of the corrugniiom, there appears to be a 
close relation between the kind of traflic and the pitcli of the corrugations. 
In the case of a road subject to the traffic of lieavy lorries, the pitch is 
likely to be more, say 24 to 30 inches. 

If X = speed of vehicle in miles per hour 
P 1 = pitch of the corrugation in inches 


CASE HI. 

(on the same road on 3 culvert) 


„ , X by 5,280 

Sp'Cd " [jy (;y 


inches per second. 


Therefore time required to traverse a distance of P inches 

T - ^ 

^ 22X by 12 

IfX = 30 miles per hour 

T _ P b y i:> _ _P 

“ 22 by 30 by 12 "" 22 by 24 
Now if P *= 22 inches, as in case 1 

This giv’es T = second which corresponds probably more oi 

Jess to the firing inlervcl of the engine at this speed when the torque is 
being transmitted to the back wheels. The same action is noticeable when 

steam enters tlie cylinder of the engine of the road roller and a correspon- 
ding pressure is developed on the back wheels giving them a tendency 
to spin. 

IfR s= No. of revolutions per minute 

F = No. of firings ^ 

Therefore number of firings {>ej second «= ^-by 


WO 

Or each firing intei val = 

Therefore, if number of revolutions = 3,000 

JOQ j 

Firing interval *= htch. 

If the No. of revolutions is 2,000 

1 

the firing intm-al be second, 

in which case the pitch is given by = .,7, 7,^ 

or P = 30 inches. 

Tliis means ihat with high speed Irafiic, ihc pitch of the corru- 
gations will be small and for 'medium speed traffic, it will be moic. 

In the case No. 11, which I have given, the pitch is 23 inclics. 
but here ihcic is no blindage and the troughs have formed into pot- 
holes and the load surface seems to be ready to break up. This appears 


•7- =■ - inch. 
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to be a case where the secondary’ corrugations liavc turned into primary 
corrugations and the suhgrade has been shaken. 



\Vith regard to the formation oflroughs the action of air which is 
'et in motion by the movement of the car seems to be greatly responsible, 
the spiral motion causing tlic troughs, the axis ofthc spiral being at right 
angles to the axis of the road. 

In case No. Ill which I have referred to, it was noticed that the 
corrugations were not at right angles but inclined at about 40 degrees to 
the axis of the road. The existence of the parapets of a culvert seems to 
account for this. The corrugations were somewhat as follows •— 



It V"'"'-’ •' - j...-.- . . c - r— . ... jjg mathematically 

dctermii the relation between 

the spcei • ent and the trough. 

Tlie conclusion that follows is that corrugations arc inevitable on a 
Water bound macadam ro.ad under the existing conditions of trafllc. They 
can however be minimised by a sparing use of blindage and also the kind 
of blindage. Moorum seems to be a great offender in this respect. It ma> 
perhaps he possible to invent some machine which may periodically clean 
the ridges and gi\ca clea'n slate foi blindage operations from time 
to time There is a practice with some engineers to water the metalled 
surface before applying blindage. Tlie belief willi these people seems to 
he that a wet surface provides a good grip for the blindage and prevents 
Its blowing away. It may be so, but the moist plane is bound to aggrasate 
the formation of cornigaiions. 

Rai Sahib Fateh Chand (United Provinces) ; I shall s.iy only 
two things based on in> cxjicrience I ha\c got two roads, one near my 
headquarters .ind ihc oihcr lariher away . on one of the roads there 
is biiHock-cirt trafiic .and there hiile corrugation After sometime the 
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was heavy motor traffic on this road, and as soon as motor vehicles were 
put on the road there was corrugation. Subsequently the motor vehicles 
were removed and the corrugation was reduced, 

7n the case of the road near the. headquarters, there were no irregula- 
rities in the surface of the road and it was noticed that there were 
fewer corrugations on this road. On the road away from the headquarters 
which had surface iircgiilaritics there were many corrugations. The 
initial irregularities in the stirface arc apparently responsible for the 
coi rogations which develop. 

To safeguard against the vibration caused by the speed on the surface 
of roads, perhaps one remedy is to provide cement concrete. 

Mr. W. L. Murrell (Chairman) : There is, unfortunately no time 
left for the further discussion of this very interesting subject. 

There are several members who have something to contribute, and it 
is important that we should have their views. Would they please send 
these in, as soon as possible, to tlic Secretary in order that they may be 
published with the Proceedings of this Congress. 

I understand Mi. Duraiswami Ayyangar will reply to the 
discussions on the paper. 

Mr. S, G. Stubbs (President) : The reply also may be written and 
fni warded to the Secrctar\. 

This suggestion was agreed to. 

Mr. W. L. Murrell (Chairman): I thank all the members udio have 
spoken on this interesting paper so profitably and also those who are going 
to submit their views by post lor insertion in llie Proceedings under 
correspondance. 

Mr. S. G. Stubbs (President) : I propose a vote of thanks to Afr. 
Murrell who has occupied the chair during the discussion on this paper 
(/icdamat/oN). 

CORRESPONDENCE. 

I.— Comments made by Mr. C. L. Katarmal, State Engineer, 
Orchha State by post on Paper No, G. 

Mr. Truscott deserves congratulations for bringing before this great 
body of road engineers a very important problem for discussion and 
opinion. I give below my experience in this concern : — 

I am, at the moment, about to finish the remetalling of a fairly 
long bit of an old metalled road and I too had to face troubles due to 
the corrugation formed on the road surface at many a place during the 
progress of the work. In this case corrugations ivere seen one or two 
days afier the consolidation when the surface was a bit dry. At first as 
usual I used n m-tan steam road-roUec for all operntions of dry and \yet 
rolling and this resulted in corrugations to a great extent. But to over- 
come this I used only the heavy roller for dry rolling and also after spi ink- 
■ .... . , „ '’-actualwet 

t although 
' felt while 
the heavy 
ned when 
where the 
lo soling. 

Such portions were opened and redone witli 9*inch thick stone soling 
in formations and d inch stone ballast for surf.iccs and reconsolidatetj 
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by the above process. The use oflhc light roller after the heavy one 
in this manner has added practically nothing to the cost of consolidation 
tvhich has been, including all expenses oi* two rollers, about Rs. 1*0 per 
100 cubic feet. 

Tlic road I have dealt with is about lU years old and uotlutig 
beyond patch repairs was ever done to it. This is the first time 
that it is being rcmciallcd witb a -l-inch thick coat. 

II. — Comments made by Mr. G. \V. D. Breadon, District 

Engineer, Gurdaspur, by post on Paper No. G. 

From observations I have made 1 have reached the conclusion that 
corrugation derives its origin at the time of rolling during consolidation. 
If watched closely it will be seen that the metal is subjected to both a 
downward compressive force and a forward raising thrust, the shearing 
action seldom carrying the metal forward for more than ‘21 inches to 

^(1 » — ►a: — . 1 .^ which 

• ' ■ ■ . 'A 10-lon roller 

•ngths also depend 

upon the thickness of metal spread on the road surf.icc The difierencc 
between the rise and the trough is not always perceptible to the naked 
eye, but the wavc-hke surface is there and since the positions of the 
rollers cannot be altered when, reversing they will, on the return trip, 
perform the same processes itt the opposite direction thus extending the 
waves and ultimately carrying them right across the road. 

In my opinion this undulation exists on all metalled roads and as 
such the metal is not of uniform thickness, there is slightly more m the rises 
and slightly less in the troughs, which results in the Jormation of hollows 
and pot holes. No metallmg is absolutely compact and homogeneous in 
texture and since the layer iswave-hke u stands to reason that fasi*movmg 
traffic must deal a constant series of heavy blows on the troughs under 
which the waves must develop into corrugations distinctly perceptible. 

I am of opinion that mere scarification of ibc surface, according to 
Fublic Works Department specifications, before tlic spreading of metal, 
is of little value ; a scarifici drawn by a roller or tractor is still woisc 
What would, I think, counteract corrugation is bernng-bone digging, 
the grooves to be not less than four inches deep and about three lect ap.iri 
and filled with premix or concrete. 

III. '— Comments made by Mr. K. Tirrumalaiswami, District 

Board Engineer, Saidapet, by post on Paper No. G. 

Corrugation is found only m certain portions and ofien times in \%ell 
drained and good sub-grades. Traffic remains the same and spreading and 
consolidation exactly similar to those at other places, but nevertheless, 
corrugation appears in certain places only. In some cases, corruga. 
tion has appeared months after the consolidation vvas efTecicd It «s 
generally found more on roads having heavy lorry or other motor traffic 
lhan on those having heavy cart traffic 

Most probably tlic corrugations arc due to the kickback action referred 
to by the Chairman. This action will always be present and the construc- 
tion of the road should be such that this action will not loosen the metal 
crust and drive the loosened portions backssard and ionvard. A good 
adhesive binder will, 10 a large extent, provide such a surface. Painting 
alone cannot do this, as then the tnovemeiu is driven a little lower The 
best way seems to be to provide a good adhesive binder winch will get 
found every piece of stone m the surface 
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A licnvy roller inkcn over a medium quality metal crushes the top 
la^cr, wliich for the time being gives a smooth surface, but under the 
suction of tyres, the movement above referred to becomes possible. It 
seems desirable to use a roller suited to the quality of metal. 

IV. — Comments made by Mr. H. B. Parikh, Special Road 

Engineer in Sind, by post on Paper No. G. 

Sc\cral members have already dealt Avith many of the points I 
wished to mention in connection with the formation ol'corrugations on road 
surfaces. It is clear fiom the discussion that rouglmcss of the road smfacc 
combined with the pulsating pressure caused by fast moving vehicles is the 
main cause of tlieir formation as stated by Mr. Daftary. I have observed 
that the roads recently improved in Ahmedabad arc mostly free from 
corrugations. This is due to good foundation below the newly laid road 
surface, and great care taken in consolidating the surface by a rollei. 
My fiicnd Mr. C. G. Dangon.i, Divisional Engineer, City Improvement 
Hoard Woiks (Hydcmbad-Dcccan) gave me .as his experience that if 
tradic was allowed on a road immediately after consolidation, corrugations 
form within four days. The foundation and the load surface has no time 
to dry up in such a case and the cause of coirugations is obvious, 
Similarly I noticed on the road surf.icc laid on a tank bund between 
Hyderabad and Secunderabad that it was uneven while similar surface on 
the nnpioachcs on both sides was quite saiisf.iciory I'his is n ease of 
unstable foundations, as a tank bund is hi its very nature liable to uneven 
settlement especially when the soil is loose, and it gives a clue as to how 
roughness of load surfaces o\er unstable fotmdaiions generally starts. 

I have also noticed that wlien inoorum is laid on a road in heaps and 
not evenly spread, coriugations on the surface arc very quickly formed by 
fast moving traffic causing pulsating piessure. In one case I noticed that 
road coolies svcrc removing rut marks by pulling tree branches across the 
lo.ul, and the small unevenness caused in blindage thereby was enough to 
start corrugaiinns. The remedy in such eases is to sweep the road evenly 
as is being done in the Poona Distiict as statcil by Mr. Daftary. 

-Ml these eases go to show th.n if coriug.uions aie to be avoided, the 
load surface should be tn.untatned as siurKiih us possible and carelessness 
in lolling and unstable foundations sliould be n\oidcd as far as 
practicable. 

V. — Comments made by Mr. T. \V. Stanier, of Messrs. Aveliiig- 

Barford Limited, by post on Paper No. G. 

It is satisfactory to find that the comensus of opinion at this Congress 
is that roatl rollers arc .seldom the cause of corrugations in road 
surfaces. There appears to be general agiccmcnt that they arc due to 
the action of ceii.ain tj’pcs of ir.iflic on the road and that they iviJJ occur, 
liowcvcr smooth the suif.icc of the road may be InitiLilly. 

Ncvcuhclcss, the pioblem is one to which luamifacturcrs of road 
lollcrs have devoted eonsUlcr.ible attention, and as long ago as IPOi’, 
Messrs. A\eIing-barford supplied a number of n*axlc rollers which were 

designed to meet the .« -opers tend to push 

the road metal in fn mound over which 

the wheels ride. 1 ^ iv.as that when this 

occurred and the front roller had passed the high spot, the middle roll 
on which almost the whole weight of the roller would then be concen* 
tr.ated, would flatten out tlic high place when it reached it. thus leaving 
a perfectly lc\cl surface. 
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Unfortunalcly, such rollers, altboiij^h ihctc ha\c been altcmpts from 
time to lime to revive the design, lia\c never been succcssUiI, since, apart 
from the extra complications involved, difficulty in steering and much 
higher first cost, the theory itselfis unsound. Even though the H-axlc roller 
may leave a perfectly level surface, the matcri.il in the original high spot 
has obviously been consolidated by a much higher pressure than the rest 
of the road surface, with the result that under further consolidation by 
traffic, it again becomes a high spot. On the other hand, it sometimes 
happens that the pressure exerted by the centre roll is too high for the 
particular road metal with the result that the latter is crushed rather than 
consolidated, and subsequently disintegrates under traffic 

ENpcrience shows that the remedy is much simpler and lies in avoid* 
ing any tendency to the formation of such high spots, rather than in flat- 
tening them out once they have been formed. A little consideration wiK 
show that the larger the diameter of the roll the less will be the tendency 
for it to push the metal in front ofit rather than to press it downwards. 
In other words, the larger the rolls the better, and obviously the greater 
ihcd“'*‘-''' .• . * •*“ the diameter of roll 

with relatively thin lasers of 
... ^ bituminous mateiial is 

generally more plastic than ordinary road metal and has consequently a 
greater tendency to move laterally during rolling. 

It is this necessity for large diameter rolls which mahes the tandem 
roller vmsuitab^c. for m most tandem designs, the frame and machinery 
are carried over the rolls with the result that the latter arc inevitably 
rmaller in diameter than the rolls of the conventional B*whccl type, 

Another disadvantage of the tandem type roller to which I should 

like to draw tl-" • -<* — -■* — - «.s relatively low pressure 

per lineal inch - • filer is distributed over 

two rolls, both • of the machine. In a 

3-tvheel roller on the other hand, about iwo-thiids of the gross weight 
is carried by the rc.'ir axle, and distributed over the two relatively narrow 
rear wheels, with the result that the pressure is very much higher than 
tn a tandem of similar gross weight In actual practice the pressure of 
a normal 5-ton B-wheel roller is about the same as that exerted hv an 
8-ton tandem I suggest that the use of the tandem roller, which was at 
onetime very popular, may sometimes be responsible for corrugations 
being formed, owing to the light pressure such a roller exerts. 

Atone time it was suspected that the single cylinder horizontal 
slow'spccd diesel roller was more likely to start coriugaiion, than the 
multi-cylinder high speed vertical type, hut it is now generally agreed 
that with improved balancing and smoother torque, this fear is not borne 
out in practice, and owing to its simplicity, slower working speed, 
smaller number of working parts and greater reliability, the single 
cylinder engine is much more suitable for load roller duly Tins is 
particularly the case in India where maintenance methods are often 
crude, and where the greater familiarity of mechanics with the slow 
speed engine is a big factor in obtaining satisfactory results 

I should like to make it clear that I have no bias in urging the claims 
of the single cylinder type of roller as compared with the tandem or multi- 
cylinder machin" . • .r j 

etice shows that ! .*■ *■ i 

In conclusic ■ ! • ■ 

standard fittings elsewhere, though seldom u«ed in India, which, I belicv 
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might frequently be used to mitigate or eradicate corrugations, i.e., 
sprayers and scarifiers. Practically every roller one sees in India is 
surrounded by a bevy of women holding wet sacks against the wheels or 
throwing water on them from chatties. I have heard it suggested that 
this often results in the water reaching the road in irregular splashes, 
thus forming soft patches. The use of a sprayer on the other hand, 
consisting simply of a water tank on the roller, and sprinkler pipes led 
by gravity over each loll, results in absolutely even watering. 

Nothing need be said about scat ifiers, as their advantages for rip- 
ping up a badly corrugated road are self-evident. One is usually told in 
India that coolie labour is cheaper, but I am convinced that in many 
districts the use of a scarifying attachment would result in reduced costs, 
as well as in more satisfactory' work. 

VI. — Comments made by Mr. E. A. Nadir Shah, Bombay 

Municipality, by post on Paper No. G. 

The author only deals with corrugations in waterbound-roads. The 
corrugations illustrated in figures 2 and H are due to the road crust 
being not thick enough to distribute the load on a bigger area. The fact 
that the surface which was good enough for light tralfic now corrugates 
On account of heavy traffic shows that sub-grade is not strong enough to 
resist the pressure produced on a unit surface and therefore yields. 
Mr Radice, while commenting on the papers, has given a very good 
c.xample of Corrugations in Rail Roads which shows that surface is 
not to be blamed for corrugation. As a remedy I would suggest to scrape 
up the corrugated surface to the depth of corrugations and re-roll the same 
material with a heavier roller. On this new surface thus formed, spread 
another 4 inches of gravel and roll with a heavy roller. The process to 
be repealed if necessary. 

During discussion of the paper various causes of corrugations were 
given by different speakers but most of the causes given ore beyond our 
control, such as load, speed, impact, etc., etc., so the question again boils 
down the design of roads against corrugations. 

VII. — Reply by Mr. M. S. Durraiswami Ayyangar, on behalf 

of Mr. G. B. E. Truscolt, (Author) to the Comments 
made on Paper No. G. 

It is indeed gratifying to see that this paper on ** Corrugations on 
Road Surfaces ” by Mr. Truscott ha% as anticipated by the author, 
provoked such a long and extended discussion among members of Road 
Congress that the discussion had to be left unfinished in the session for 
want ol time. As desired by the author, I take this opportunity of 
replying to the discussions by thb short written note. 

With ihe advent of fast-moving vehicles, the road engineer is every- 
where faced with the additional problem of road corrugations and this is 
evidenced by the keen interest taken by so many membeis coming forward 
to enter into the discussions. 

Speaking for myself, the first occasion when I noticed corrugations on 
a road surface was about fifteen years ago when as a casual visitor to the 
State of Pudukottah, in Madras Presidency, I saw the motor road 
bcl%NCcn Trichinopoly town and Pudukottah — a distance of 33 miles 
with heavy corrugations on its surface. There were at that time two 
tracks on that road running side by side, one for ordinary bullock-carl 
traffic and the other reserved for motor traffic. The corrugations were 
seen only on the motor portion of the road and none on the carl track. 



Since then, I had to tackle tins problem personally only during t!ic last 
two or three >cars in some of the Travancorc roads in my charge. 

Various theories have been advanced by the several members during 
the discussion and the most plausible is that corrugations arc the result of 
the creeping of the under surface due to the pressure transmitted to it 
through the top layer which gets separated from the bottom owing to the 
tractive resistance of vehicles with heavy speeds. I may, however, point 
out the following facts regarding the appearance of corrugations to which 
I believe most members will agree. 

1. They appear on all classes of roads to a greater or lesser degree. 
One member said that they are present even in concrete roads. This 
seems to suggest that the hardness of surface material has very little 
relation to the formation of corrugations 

2. U’lien they do occur, they do so at fairly regular intervals. 

Ik In the same road and under exactly similar conditions, they are 
found to be less prominent at curves than in straight reaches, thus 
suggesting that the speed of vehicles is a great factor in determining the 
degree and frequency of corrugations 

4 They arc more prominent in portions of road which run in 
-embankments than in sections which arc in cutting This appears to 
suggest that the bottoming or soling of the roads is an important factor in 
the formation of corrugations. 

Mr, Katarmal (Orchha State) has stated that corrugations were due 
to the use of a heavy roller for remcialling work where tlic soil was black 
cotton, and where the road had no proper solmg. .\lr. Breadon and some 
others derive the origin of corrugation right to the time of rolling during 
consolidation. Many other members also attach importance to the 
■degree of consolidation and the weight of the roller as contributing causes 
of corrugations. It appears no doubt true, that sound consolidation delays 
the formation of corrugations, but 1 do not personally think that poor 
consolidation is responsible for its formation as suggested by Mr. Dildar 
Hussain and some others. The use of light rollers at the time of rolling 
especially when the sub-soil is weak lessens the tendency to corrugate. 
As pointed out by the Chairman, we cannot totally eliminate corrugation 
Our efforts arc primarily directed towards finding ways and means to 
minimize it. Mr, Guha has suggested tarring or bitumen treatment as a 
remedy to resist the formation of corrugation Mr. Fitzherbert of Bombay 
•considers that moorum-blinding is Jess so • ■ 

sand-blinding. It appears, however, that 

poor consolidation or use of poor blinding ■ ■ . 

of rectification by reconsolidation repeated with a light roller using more 
blinding material after profuse watering of the surface. But the real 
trouble appears in places where the soling is defective, when no amount 
of surface remedies seem really sufficient. 

Proper drainage of the underground soil and the formation of a 
sunTicicntly thick layer of bottoming material to withstand the impact 
brought to bear on the road surface appear to be only sure remedies to 
minimise these corrug.ations. 

One other point in the paper which does not seem to have evoked 
much of criticism is the use of girder section in roads as a means of 
lessening the corrug.vtion In most country roads it is the centre portion 
which t.-ikes most of ilie volume of the traffic and ver> often, we have 
two wheel tracks e.ich .vbout ‘J feet vside spaced about 4 feet C inches to 
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i) feet centres. If the material in these wheel tracks be made thicker 
than in the rest of the road, they are found more capable of resisting the 
formation of corrugations. Recently some experiments have also been 
made in Travancore by using 4J inches thick broken metal for the wheel 
tracks only in a gravelled road which was hitherto subject to heavy 
corrugation and these promise to be successful. 

I wish to reply to Mr. Dildar Hussain (Hyderabad) that both the 
roads selected by the author are gravelled toads only with no special 
bottoming. 

I agree with Mr. Tirumalaiswami in his conclusion that a good 
adhesive binder and the use of a roller suitable for the quality of metal 
will minimize corrugations to an appreciable extent. 

It is true that the coming on of heavy traffic on a recently reconsoli- 
dated road before the foundations had had time to dry up, results in the 
formation of corrugations and it is therefore necessary' that unstable 
foundations should be avoided and road surface maintained carefully 
till then. 

With regard to Mr. Stanicr’s observations I would say that the 
rollers in use m Travancore are mostly of 3*'vhecl type and these have 
been giving satisfactory results in rolling and ^ve have had no difficulty 
with regard to uniformity of watering or in scarifying. 

VIII.— Addendum by Mr. G. B. E. Truscott (Author) to the 
replies given on his behalf by Mr. M. S. Durraiswamy to 
the comments made by members on Paper No. G. 

It IS gratifying to me that my paper provoked such an extended 
discussion No final solution seems to have been arrived at and I am 
not sure that I have one to ofTer, but during my recent visit to England 
I particularly observed the roads there and could not see any signs of 
corrugations although ’ • ’ • ’ much heavier, faster 

and intensive traffic t . • roads, I believe, are 

generally constructed tailing and nowadays 

practically all arc at least surface treated. 

In India soling is not usual and the metalling Js usually thin and so 
it may be possible that the metalling is not thick enough to transmit the 
loads it has to bear and so the joints between the metalling and sub- 
grade become separated and with the wheels of fast-moving vehicles 
tending to ruck up the metalling In the same way that a carpet is rucked 
up on a smooth floor, corrugations arc started. 

So the prevention of Ibis would, therefore, appear to indicate that 
wherever possible soling should be used with an adequate thickness of 
metal, properly laid and consolidated, and if this is not possible on 
account of cost, girder sections should be used which would carry the 
bulk of the traffic, and also by their greater depth prevent the thinner 
sections from moving. 
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APPENDIX I. 

Tours and other functions held during the 
Fourth Session of the Indian Roads Congress, 
Hyderabad (Deccan), January 1938. 

Saturday, January i, 1938. 

Tile delegates assembled at Hostel A at the Osmania University 
Buildinc" -« . » \ ^ and proceeded from there in 

buses to aiu other engineering works 

near the _ ^ Amberpet The^’ returned 

to their respective lodgings at 12-30 p.m. for the lunch 

In the afternoon the deleg.Tics re-asscmbled at 3 p.m at the Hostel. 
From there they were taken in buses for a visit to Improvement IV’orks in 
Hydeiabad City, poor houses, etc In the evening at 5 p.m. the Honour- 
able Raja Rajwant Sham Raj Bahadur, Mcmbcr-in-Chargc, H E H The 
^zam’s Public Works Depmtment, was •* At-Home ” to the deleg.ates. 
The delegates left the residence of the Honourable Member at G p.m. 

An account of the Tl^^QUF.T which was held on the same night will 
be found in Appendix II. 

Sunday, January 2, 1938. 

On the 2nd January. 1038. ihc delegates assembled again at 8-30 a m 
at the Hostel whence thev proceeded in buses to inspect the roads 
specified below 

1, LiNOAMfAi,u Garden & MusiiiRAitAO Cement Concretf Road. 

Length . . . 2,640 feet 

IVidth 40 feet 

Thickness— Top course ... 3 inches 

Bottom course . 0 inches, S inches. G inches. 

Sire of material. — 

Coarse aggregate of granite — 

inches to 2 inches 75 per cent 

14 inches to 1 inch 2.5 per cent 

Fine aggregate of clean river sand 1/8 inch and less 
Proportions — Top course 1 • 

Bottom course 1 • 3 5 

This was constructed in 1035 and has been laid over the old moorum 
surface Heavy bus and cart trailic between Hyderabad and Secunder* 
abad and the Industrial area ply over this 
The cost per squ.are yard was Rs. 1. 

2 Muzamjaiu Road & Musiiirabad Cemtnt Concrete Road 
(a) Length l,7IUreet 

Width 20 feet 

Thickness - Top course 3 inches 

Boitom course . C inrhes-3 inchcs-0 inches. 

Size of material (same as foi 11. 

Propoition— Top course 1 2*4 

Bottom coiimc 13 5 


/• 
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This was constructed in 1930 and was laid over the old moorum 
surface. Heavy bus and cart traflic between Hyderabad and Secunder- 
abad and the Industrial area ply over this. 

The cost per square yard was Rs. 4-12 due to the higher price of 
cement. 

(A) Experimental Bits — 

Bit I. Bit s. Bit 3 . 

Length .. 60 feet GO feet 60 feet 

Width ... 38 feet 19 feet 19 feet 

Thickness 3 inches 6 inches 6 inches 

Size of material (same as above). 

eSA CLSA LSA 

Pioportion— 1:2:4 1:1:5 j8 1:2J:6 

Bit /. This was laid in 1935 on the old water-bound spramax 
treated surface after removing lop 3-inch surface. 
Cost per square yard was Rs. 2-G. 

Bu s This was laid in 1937 after removing 6 inches of the 
old water-bound spramax treated surface. The lop 
surface was painted with tar. 

Cost per square yard including tar painting was 
Rs. 3-12 

Bu 3 This was also laid in 1937 after removing 6 inches of 
the old water-bound spramax treated surface. 
The top surface was painted with tar. 

Cost of square yard including tar painting was Rs. 2-10. 

The traffic on the above thtee bits is moderate and mixed. 
Asphalt Shellcrete Road. 

3 inches Shellcrete work with Shellmac and Spramax, 1 mile 
long and 24 feet wide. 

I i inches to 1 inch metal and fine sand passing through 1/8 inch 
sieve was mixed in proportion of .5 ; 3 : 3 pounds of Max- 
phalt was added to one cubic foot of metal and 8 pounds 
of Shellmac to 1 cubic foot of sand and mixed. The 
mixture was rolled when still hot with a ten-ton roller. 
This was constructed in 1934-35. 

3. PuTLi Bowdi Cement Concrete Road. 

(a) Pulli Bowdi to Afzulganj Mosque. 

Length ... 3,500 feet. 

Width ... 20 feet central belt of cement concrete. 

20 feet side berms of lime concrete. 
Thickness — Central belt. Side berms. 

Top course 3 inches G-inches lime- 
Bottom course Cement Concrete 

6 inches-3 inches-G inches. 

Size of material (same as above). 

Proportion Central belt. Side berms. 

Top course 1:2: 34 1:I:5:8 
Bottom course 1:3:5 

This was laid in 1929 over the old moorum road surface. Heavy bus 
ira^c passes over this. The cost per square yard of central belt was Rs. 4-12 
and side berms Rs. .S-4-0. 
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(b) Pulli Bowdi lo Muzamjalii Market. 

Length ... 2,2SS feel 

Width ... 20 feel central belt with side berms of inoorum. 
Tliickncss ... Top course .1 indies 

Bottom course G inchcs'3 inchcs*C inches. 

Size of material (same as above). 

Proportion — Top course 1 : : SI 

Bottom course 1:3 : 6 

This Was laid in 1931 over the old moorum road surface. Mixed bus 
and cart tralTic pass over this. The cost per square yard was Rs. 4 Putli 
Bowdi to Rangmahal Road. 

(c) Penetration macadam arid surface painting works. 

3 inches penetration treatment with Socony asphalt on G inches 
water-bound macadam. 

Length ... SOO feet 

Width ... 40 feet 

Tliis was constructed in 1929. No maintenance has been done so far. 
Heavy goods traffic from the Railway Station passes over this. The 
surface bleeds much in summer, and needs fresh coat of coarse sand every 
year. 

(rf) A soling of G inches is provided. Over this G inches water-bound 
macadam is done and after tlie road was opened to traffic for 
three months it was surfaced with spramax in 1930, It was 
resurfaced with flux oil and shellmac in December 1037 
Traffic condition same as above. 

4. PinTARGUTTi Cement Concrete Road (Afzalgunj to Charminar). 
Length ...3,945 feet. 

Width ... 20 feet central belt. 

10 feet additional central belt on either side 
20 feet lean cement concrete side berms on either side. 
Thickness— Centra/ belt. Addl Cert. Belt 

Top course 3 inches. Top course 3 inches. 

Bottom course 6 inches-3 inches-G inches Bottom course 3 inches. 

Side bermt. 

Top course .. 3 inches 

Bottom course ... 3 inches 

Size of material (same as before). 

Proportion. Central belt. Addl Cenl. Belt 

Top course 1-2 34 1 . If 

Bottom course 1 • 2J • 4 1 2i 6 

Side berms. 

Top course ... 1 • .'* 

Bottom course .. lime concrete. 

The central 20 feet belt was constructed in I92'i and the addition.nl 
10 feel sides as well as the side berms were constructed in I'.'.'U. There is 
mixed heavy tr.nfric over this. 

The cost per square yard of the central bell is Rs 1-12 
and additional 10*feel belt Rs 1- 1 
and side berms Rs 3- 1 

Charminar, Puranapul, Afzalshahi Road 
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5. Afzalgunj Mosque Tar and Asphalt Bus Roads. 

Same as bits 2 and 3 under item (2) and Z{d). 

6. Mukkaram Jahi Cement Concrete Road, 

Length ... 3,000 

Width ... 20 

Thickness — Top course ... 3 

Bottom course ... 3 

Size of material (same as before). 

Proportion — Top course I : • 3^ 

Bottom course 1 • 2| : 6 

This was constructed in 1935 and laid in the old tank bed over G 
inches of laminated stone soling. Very heavy goods traiTic (ionics and 
carts) pass over this from and to Hyderabad (B. G.) RIy. station. The cost 
per square yard was Rs 4. 

J^oU .— Traffic census taken by the Deparlment of Works, City Improvement 
Board, Hyderabad^Deccan, ts given tn Annexure A. 

7. Punjagutta'Experimental Bits or Cement Concrete Road, 

(1) Length ... 330 feet and junction 

Width ... 10 feet 

Tliickness— Top course... 3 inches 

Bottom course 3 incites 

Size of material — Top course. (Same as before). 

Bottom course Coarse aggiegate of old metal 
from existing surface. Fine 
aggregate of clean river sand 
Pioportion — Top course ... 1:2:4 

Bottom course ... 1 : 21 : 5 (lime concrete) 

The old water bound macadam surface is excavated and the metal 
therefrom used for the bottom coutse. 

(2) Length ... 830 feet 

Width .. 10 feet 

Thickness .. 3 inches 

Size of material (same as above). 

Proportion — I : 2 : 4 

The old water-bound macad.im surface was picked lightly to remove 
the top layer of metal and cleaned of all loose materials, brushed and 
washed. 

(3) Length ... 330 lect 

\Vidth ... 10 feet 

Thickness ... 5/8 inch i 

Tiic water-bound metal surface was laid for the first time over the old 
moorum road about a year and a half ago and the surface was in good 
condition. The first coat of Shalimar Tar No. J was applied at the rale 
of 3 scjuaic yards to a gallon or about 44 pounds per 100 square feel and 
covered witli granite chips (1/2 inch) and rolled with a G-ton Tandem 
roller. 

The second coat of Shalimar Tar No. 2. w.is applied after two montlis 
•It the ratcol 10 square yards to a gallon or about 13 pounds per 100 square 
Jeet. The first half length was covered with 1/8 inch granite chips and the 


feet 

feet 

inches 

inches 



second hair with river sand and rolled as before. 

Work in progress— 

(4) Lenglh ... 330 feet 

Width .. 10 feet 

Thickness ... 5/8 inch 

Over the existing \v.atcr-bound metal surface two coats of surface 
painting with spramax (Burmah Shell) has been done. The first coat is at 
the rate of 3 square yards to a gallon or about 38 pounds per 100 square 
feet and co\crcd with 1/2 inch granite chips and rolled. 

The second coat is done at the rate of 5 square yards to a gallon or 
about 23 pounds per 100 square feet Half the length is covered with 1/8 
inch granite chips and the other half with sand and rolled, 

\Vork in progress — 

(5) Lentil ... 330 feet 

NVidth ... 10 feet 

Thickness ... 2| inches 

The bottom layer 2 inches thick consists of picmixed metal 11 inches 
gauge, 3 pounds of Shalimar Tar No. 2 per cubic foot of metal covered with 
a layer of premixed metal 1/2 inch gauge .and Shahmar Tar No 2 in the 
same proportion were simultaneously rolled with a 10-ton roller. The 
premixed materials were cured from 7 to 10 days This is proposed to be 
covered with a wearing coat of premixed 1/4 inch granite chips. 

The work is in progress— 

(7) Length ... 330 feet 

Width ... 10 feet 

Thickness .. 21 inches 

1 inch metal and 1/8 inch sand m the ratio ol 5 . 3 by volume are 
mixed with asphalt (Me.xphalt and Shellmac 2 . 1). Asphalt was added at 
the rate of 3k pounds to a cubic foot of metal and 0 pounds per cubic foot 
of sand laid liot and rolled immediately with a 10 -ton roller. 

(8) Proposed experimental bits. 

(d) Length .. 330 feet 

Width . 10 feet 

Thickness . 2k inches 

This is a premixed cement concrete macadam (1 • 2J : 5) with a water 
ratio of4'3 gallons per bag consolidated with a 6-lon toiler. 

(6) Length ... 500 feet 

Width 15 fcet 

Thickness .. Cinches 

Size of metal ... 2| inches 

(c) Length ... 500 feet 

Width .. 15 feet 

Thickness .. Cinches 

Size of metal ... IJ inches 

(d) Length ... 500 Icct 

Width ... 15 feet 

Thickness .. Cinches 

Sue of metal . . 21 inches to 1/2 inch stepped 

1/2 inch and mixed in equal proportions. 

(e) I«<-ngth . 500 led 

Width 15 feet 

'1 liickneu Cinches 

bi/r of metal 2 inches to 1/2 inch stepped 

down by 1/2 inch and mixed in equal proportions 



(/) Length .. oOO feel 

Width ... 15 feet 

Thickness ... 0 inches 

Size of metal 11 inches to 1 inch stepped 

down by J/2 inch and mixed in equal proportions. 

The mixing for (D), (E) and (F) bits is cficctcd by stacking the metal 
in layers, the bottom layer being followed by the next smaller size. The 
metal was taken from such stacks by spades in small cuts allowing the 
metal from dificrcnl layers to fall and get mixed. The baskets were then 
filled witli forked shovel and the metal laid lightly on the formation to 
prevent segregation. Tticsc experiments are being carried out to deter- 
mine their suitability or otherwise. 

8 . Nl.W EXPERIMCNTAL UOAD UNDER CONSTRUCTION TROM LaKDI-KA- 

Pul to Masar Tank. 

Length .. 8.580 feet 

Width ... ‘20 feet 

Thickness ,. I inchcs »8 inches- 1 inches 

Proportion — 1 : ‘2 : 1. 

The cement concrete road is being laid on the old water bound maca- 
dam surface. It is Ibund (hat due to the varying camber of the old road 
it is not possible to confine the section to 4 inches-B inches-4 inches, but 
lias to be increased in some places to C inchcs-3 inches-O inches. At such 
places a leaner bottom course in proportion of 1 bag ofcemcntlo 4 of sand 
and 8 of old metal is provided 

At 12-55 p.m. the delegates returned to their lodgingsuw Hussainsagar 
bund south-end, B.nshecrbagli and Workshop road to University. 

The delegates re-assembled at the Unncrsity Hostel at 2 p.m. and 
proceeded in buses to inspect the following:— 

1. Filter Beds at Asafnagar and tlic c.xperimental Trackways 

cn route. 

2. Tlic Dams at, and the roads leading to, Himayalsagar and 

Osmansagar. 

Tea w.ns served at Osmansagar Gardens at 5 p. m. Tfic delegates 
returned to their lodgings at about 7 p.m. 

Monday, January 3 , 1938 . 

Tlie delegates .issemblcd at 7 a.m. at the University Hostel and 
proceeded in cars and buses towards Nizamsagar via Pacharam for the in- 
spection of rural roads. Cement Concrete traclnvays, c.xpcrimental water- 
bound roads for the investigation of “ corrugation," and rural development 
road to Banswada village were also inspected. The Nizamsagar Dam 
and the Sugar Factory near Nizamabad were inspected cn route. 

Lunch was served at Nizamsagar Guest House and tea at Ali Sagar 
Lake. On the w.ny back, dinner was served at the Town Hall, Nizam- 
abad. 

The details of roads inspected arc given in Annexure B. A note on 
the rural development road to old Banswada village is contained in 
Annexure C and genera! information about the roads in Hyderabad will 
be found in Annexure D. 

A route map is on page 2G. 
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AKNEXURH A. 

TRAFFIC CENSUS 

XoUd hj the Deparlnenl pJ M erii City tnpteitnrrt tlcafi, Hjirta^ai {Deuai). 

MUKKARAM JAHl ROAD, HYDERABAD. 


Taken on 4*8-37 from 7 a.m. lo 7 (-t Hour*). 

Uidth of the road.— 40 feet Cement Concietr in the centre .and "0 feci 
of berms (muram) on either side. 


1 

Type of Vehicle. 

I'rotti St.aiinn 

From City to 


i(> Cit\. 

Si.ation. 

Total. 


Incoming 

OuiBoiiiR 


SLOW MOVING, 

Day. 

Night 

Day. 1 

Night. 


L Bullock-carl! loaded (Double) 

138 

31) 

308 

70 

G15 

»' n empty „ 

2t«) 

65 

81 » 1 

21 

4C8 

»• n loaded ^^Single) ... 

12G 

3 

163 

8 

3UU 

4 

” M empty ,, 

159 1 

IG 

07 1 

15 

28G 

Hand-carts 

2U , 

1 

;i8 I 

2 

G1 

fast moving. 



1 

1 


Lorries railway ... •• 1 

“ 

S 

9 

1 

19 

» Private ... 

23 


20 

2 

45 

Buses „ 

18 

3 

12 

1 

34 

1 , railway 

3 

5 

5 

2 

15 

10. Motorcars 

453 

1 113 

425 

125 

lllG 

IL ,, Cycles 

83 

I '« 

35 

7 

85 

12. Tongas 

13. Cycles 

53C 

2257 

1 170 

C50 

661 

2579 

16G 

CG5 

G151 

/ 


/ 
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TRAFFIC CENSUS. 

Taken on SULTAN BAZAR ROAD from 7 a.m. to 7 a.m. (24 hours). 
Width of the road 20 feet. 



Type of Vehicle. 

t-S -p o 

l5>.5 
.1 

In- 

coming 

Out- 

Igoing. 

Total 

1 

Total in 
Tons. 


SLOW MOVING. 






1 

Bullock-cai ts (loaded) Double 


G9 

03 

132 

I9S 

o 

„ „ (empty) „ 

1 

I 

40 

3!) 

79 

39-5 

3. 

„ (loaded) Single 

, 1 

1 

) 40 

G3 

103 

j 103-0 

4. 

„ „ fempty) „ 

1 1 

57 

35 

92 

) 23 

5. 

Hand-carts 

j 

35 

40 

81 

60*70 


Total 





424 25 

Equivalent number of loaded 
double bullock-carts=282 







FAST MOVING. 






6. 

3-ton lorries loaded 

.5 

49 

23 

72 

3G0 

7. 

„ „ empty 






8. 

2 „ ,, loaded 

4 

J75 

172 

347 

1388 

9. 

„ „ empty 

2 





10. 

Motor Cars ... . . 

I 

4G6 

420 

88G 

886 

11. 

Motor Cycles ... 

1/8 

43 

36 

69 

9*87 

12. 

Tongas 

i 

G41 

56G 

1207 

401*75 

13. 

Push Cycles 

1/10 

2837 

2788 

6575 

657-5 


Total 





1103*12 


Equivalent number of I-ton motor cars ... 1855 

Equivalent number of 4-ton loaded buses ... 437 

Tola! Traffic load 424-25 plus 4103‘12=4327-37 tons. 
Average load per foot width of the road. 220*308 tons. 




UPPER TANK BUND ROAD. 


Nature of Vehicle. 

1 Nos. 

Approximate 
Weight 
in tons. | 

Total ° . 

Weigh, |:S| 
in tons. 1 ^ 

\Vcight per 
lyard width 
* per day. 

1. Motor Car 

1 2501 

1*5 

3751 ' 7 yds 

1 

535-G 

2 „ Cycles ... 

323 ! 

1/5 

t)4-G 

1 9-14 

3. Buses N. S. Rly. 

1 308 

4 

122 

175*42 



i 


1 720-16 


On this road no heavy traffic like bullock-carts is allowed 


As the shelshcct is laid only in the centre and there are side strips of 
over 2U feet width, traffic like push cycles and, tongas are confined to them 
and so their account is ommitted from above. 
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ANNEXURE C. 


A brief note regarding the construction of rural development 
road to old Banswada Village. 

Gtneral . — The village of Old Banswada is connected to the Nizamabad. 
Nizamsagar P.W.D. Road, in mile No. 30. The road is aligned on the 
ridge, as far as possible. The soil met with is chowka with black 
cotton soil up to the village as the road issurrounded on both sides by fields 
having wet cultivation of paddy and sugarcane. To protect the road 
from the wet cultivation, an average banking of 1 J feet is given for a length 
oflfj chains. 

The length of the road is 40 chains. The width of the road is kept 
18 feet inside to inside of side chains The moorum width is 12 feet only. 
In the beginning, G inches moorum was provided and consolidated with 
bullock rollers. The cost of construction was Rs. 1,100, cost per mile 
being Rs. 1,452 only. This cost is slightly more than the average, owing 
to the height of banking required in this ease. 

Draint and Culverts . — The irrigation drains arc provided with hume- 
pipes 12 inches diameter. One 18-inch hume*pipe culvert is provided 
near the village to dram off the water from the village. 

GroifiVnt.— From eh. 0 to eh. 5, a gradient \ in 800 has been allowed, 
and then the level portion comes up to chainage 1&. From chainage 15 
to 20, a gradient of 1 in ICO is allowed. 

The road was constructed in 1031. Maintenance of the road was 
again done in 1034 at a cost of 630. In 1937 maintenance was done 
at a cost of 683 and the cost of the 18 inches diameter. Hume pipe 
culvert was Rs. 134. 

On account of the Rice Mill situated along this road, the traffic on 
the road is heavy. The carts from the adjoining villages also bring their 
produce of paddy to this Mill. Exact census of the carls has not been 
recorded but an average number of 100 loaded carts per day may be 
taken to use this road during the season. The surface has withstood 
this traffic satisfactorily. 

SHORT SUMMARY. 

i Soil Chowka with black cotton soil. 

2. Length - - 6 furlongs 

3. Width - - 18 feet 

4. Moorum width- 12 feet 

5 Cost - - Rs. l.lOU 

6. Cost per mile -115.1,452 
1931 
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ANNEXURE D. 

DISTRICT ROADS IN HYDERABAD STATE. 

The total area o/' the Hyderabad State, 82,698 square miles may 
roughly be divided into two parts, the South Eastern and the North 
Westem. The for mcr is Granitic and the latter Trappean, The soil in 
the former is formed from disintegrated granites and gneisses and is 
gravelly. The soil in the latter is generally black cotton. 

The total length of the State Roads, exclusive of Local Fund Roads, 
is over 5.000 miles. Of this not less titan .*1,000 miles consist of metal 
roads intended for fast and heavy traffic, while the rest of the roads are of 
moorum. The total length of roads works out to 1 mile for every 
IG square miles of the country. 

In the granitic areas roads arc economically constructed with gravel 
.surface, but if traffic is heavy a 6-inch layer of water-bound granite 
metal is laid on the existing gravel surface. 

In the Trappean country it is difficult to construct roads on account 
of the black cotton soil, winch becomes slushy very quickly during the 
rains and develops wide cracks extending to a depth of about J2 feet in 
other seasons. On a road embankment formed of this soil, gravel cannot 
be used for surfacing, for the above reasons. Besides, gravel is not easily 
available. Necessauly, titcrcforc, roads in these p.irts need a metal 
surface laid over stone soling. 

Thus It will be seen tltai, in this State, ro.ids in open country can 
be classified as follows — 

1. Granitic Country : — 

(a) roads with gravel surface. 

(^) roads with metal surface. 

2. Trappean Country . — 

Roads with metal surface laid over stone soling. 

METHODS ADOPTED FOR CONSTRUCTION- 

The roads are generally taken in embankments varying in height 
from 9 inches to 2 feet excepting at approaches to culverts or bridges. 
High banks being dangerous to carl traffic, upright stones are fixed at the 
edges of the road to prevent accidents The stones are fixed 4 feet apart 
centre to centre, their lieiglii above the road surface being B feet. This 
precaution is taken wherever the height of the bank cxeeds ;> feet. 

Due to the flat nature of the country it is not generally necessary to 
take the roads in cutting excepting when hilly tracts are to be negotiated, 
riie I ulmg gradient in such c,ises being limited to I in 20. 

The alignment of roads is taken straight as far as possible, but as 
every road has necessarily lo touch the towns and villages enroute, a 
continuous straight line is not practicable. The road has therefore to 
change in direction from place to place The change of direction 
involves the introduction of curves, the minimum radius being oUO feet. 
This is necessary in view of the motor traffic. 

Ihe work oi constructing the road surface is carried out in the follow- 
ing manner : — 

I, (a) Roads svitli gravel .surlacc. When the formation is ready, 
a 6 inches co.u of gr.ivcl is laid to the proper camber and consolid.itcd by 
a .’Mon bullock roller ! 

(ii) II the intensity of traffic is found to be heavy, .i metal coat 
6 inches thick is l.iid over the gravel surl.ice with cross camber ol i in 90 
Tlie inctai is generally ol H inches gauge. After llie layer is spread the 
metal is consolidated. 
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11. In the Trappean area where the soil is of black cotton type the 
metal coat is laid on stone solin;;. The stone soling consists of well 
packed rubble stones varying in thickness from 6 inches to 9 inches laid 
on the sub-grade. The soling is dry-rolled to form a hard bed for the 
metal coat. 

CLASS OF ROADS. 

According to their importance, roads are classified as under : — 

1st Class. — Roads connecting large tradecentres and commercial outlets. 
2nd Class. — Roads connecting principal markets with main lines of a 
road or short Railway Feeder Roads or those connecting 
administiniion headquarters. 

3rd Class. — Village roads with light traflic- 

The Principal features of these arc tabulated hclow : — 


Class of loads. 

\Vidth of 
road in 
feet. 

Width of 
wearing 
surface 
in feet. 

Width of 
side berms ^ 
in feet. 

\Vidth of 
road at 
culverts 
in feet. 

1st Class 


i:> 


21 

2nd „ 

24 

12 

0 

18 

3rd ., 

21 

<1 

G 

10 


For constiucting new loads, the l«»l)owing widths o( land are 
generally acquired ■ — 


Class of Road 

Width in dry 
land 

Width m wet 
land. 

1st Class 

99 

GG 

2nd „ . 

66 

44 


COST or ROADS. 

Tlic cost per mile inclusive of bridging streams below !•') sc|uare miles 
in diamage area general^ works out as follows 


Class of toads. 

Gravel roads 

Granitic 

area 

Trappean 

area. 


Rs. 

Rs. 

Rs. 

Isi Class 

8,3IW 


15.0110 

2nd .. 

G,WK) 


13.2»«» 

Hrd 

4,0«io 

G,2'iO 

H.20O 
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The life of joacU with diffcicnt surfhcc coats varies Nvilh the intensity 
and kind of traffic and the nature of surHicc. From experience it has been 
found that the surface needs renewal after a period of about five years and 
even less if the traffic is heavy, depending upon other contributory factors. 

The system of maintenance is tlicreforc so arranged that the surface 
is renewed by rotation within a period of five years. The usual thickness 
of renewal coat for metalled surfiicc varies from ft to 4j inches while for 
gravel it is 3 inches to 4 inches. 

Roads arc maintained by means of patch repairs and through perma- 
nent gangs of coolies (woikmen). A gang consisting of 7 to 9 coolies 
helped with a bullock-cart is entrusted to look after a stretch of 5 to 7 
miles length of road according to Us class as shown in the following 
table. The duties of a gang arc (1) to keep tlie surface blinded with sand 
or moorum, (2) to do patch work In the broken portions, (8) to keep the 
berms in a tidy condition. 

The following table gives the strength of gangs on each class of 
road : — 


Class 


1 No. of Coolies. 

No. of miles to 

of 

roads. 

Coolies. 

Metalled road 

Gra\’cl ro.id 

be looked after 
pei gang. 

I 

Head Cooly .. 

1 

1 



Men Coolies . 

8 

4 



Women „ 

8 

1 



Can 

1 cat t for 6 
months 

1 cart fbi 9 
months 

0 

n 

Head Cooly 

1 

1 



Men Coolies ... 

2 

8 



Women 

„ 1 

8 



Cart 

1 c.irt lor G 1 
nioiitlis 1 

1 cart for 9 
months 


III 

Same as for^nd 
cl.ass 

1 

1 


7 


Cost of maintenance pet 

mile per annum 

is given below. 

CJass ofroad. 

MefaJietl mid. 

Gravel road. 

’ I 

Ks. U7i) 

Rs. 42U 

11 

„ 6411 

80U 

HI 

400 

„ 270 






Out of ihc amount shown abo\'C two-thirds is utilised for renewal ol 
surface and one-third for maintenance for metal roads. For gravel roads 
it is half and half. 


DUST PROOFING THE ROADS. 

Another advance which marks the road policy of the Stale is the 
system of dust proofing the roads in the district towns. The principle has 
been accepted that all district towns and commercial centres should have 
dust-proof roads within the inhabited area. The works are being taken 
up in the order of precedence. The dust proofiing is to consist of tar or 
asphalt painting or cement concrete slab, according to the intensity of 
the traffic. 

Experiments are also being carried out with different kinds of 
dust proofing materials to evolve a cheap kind of dust proofing ar- 
rangement. 
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APPENDIX II. 

BANQUET 

at tlif 

Town Hall, Public Gardens, Hyderabad (Deccan) 
at 8-15 p. ni. on Saturday, January 1, 1938. 

A joint Banquet oT ^fcmbcrs of tlic Indian Roads Congress and the 
Institution of Engineers (India) was held at the Town Hall, Public 
Gaidens, Hyderabad (Deccan) at 8 l.'i p in. on Saturday, the 1st januaiy, 
103S Covers were laid for Hal members of both the Associations and 
distinguished guests, the principal of whom was the Right Honourable 
Nawab Sir Hydcr Naw.az Jung Bahadur, P.C., Kt., B A., LL D , D C.L , 
President ofH. E. H the Nizam’s Excciilivc Council. 

The Right Honourable Sir Nawab Hyder Nawaz Jung Bahadur 
proposed the toast of His Majesty the King Emperor. 

(The toast was duly honoured.) 

Maharaja Sir Kishen Pershad Bahadur, Yamin-us-Sullanat, 
proposed the toast of His Exalted Highness the Nizam of Hyder- 
abad and Berar. 

(The toast was duly honoured.) 

Mr Fakerji R. Bharucha, President ol the Institution of Engineers 
(India), proposed the toast o( the Right Honourable Nawab H>der Nawar 
Jung Bahadur. 

(Tlie toast ivas duly honoured > 

The Right Honourable Nawab Jung Bahadur in responding 

to the toast said Mr Piesidcnt, I^adics .xnd Centlcmen, before I respond 
to your very kind toast, I should like to avail of the privilege of reading 
out the very gracious message sent by His Exalted Highness on this 
occasion. The Message reads — 

It has given me great pleasure to hear that in response to the invitation of the 
Engineers of my Government, ^ou are holding the I8tli Annual Session of the 
Institution of Engtnrrrt \lndia) and the Fourth Session oj the Indian Roads 
Eongress in the Capital City of my £>o»m«o«i / haie little doubt that the 

deliberations of the two important Engineering Institutions, iihich you represent, 
u^ill prove of considerable interest and value to the Engineering profession in 

India, 

It IS fully recognised that tn promoting the moral and material welfare of 
India, It IS the duly of us all to deielop ar rapidly as possible (he great resources 
of the country In securing Ihu leahialian the ability of its Engineers must play 
■on important part 

I ha^e great pleasure tn fending you thtf Message to msh you godspeed in 
)our iforK I trust yon mil enjoy your visit to my Capital 

I am sure ^ou will agree that this i\ a tni1> gracious message lor 
which all of us assembled line are profoundly tbankful 

I am greatly honoured. Mi President, bv having been given the 
privilege of being ^our guest a» this \nnual funciioti of the Iiutitutioii of 
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Engineers and of the Indian Roads Congress. I thank yotJ, too, for the 
very kind rererences you have m.^dc in your speech to myself and to the 
part I have been privileged to take in the public life and the scr\’ice of 
this State. 

I had occasion recently, in opening the Indian Economic Conference, 
to lay stress on the value which we attach to assemblies and gatherings such 
as tliese which bring together men engaged in different parts of the 
country’ in a common pursuit and induce mutual conference and delibera- 
tion. Similarly, I ivelcome you to Hyderabad and am particularly hajjpy 
to have had the pleasure of meeting you all who represent the Institution 
of Engineers and the Indian Roads Congress. Both these Institutions 
provide a common meeting ground for pooling experience and for ex- 
change of ideas and while the services of the one, started seventeen yeai-s 
ago, luave been iccognhcd by the conferment of a Rojal Charter, which, 
I am sure, the Institution of Enginneers regards ns a high distinction, 
the Indian Ronds Congress, started only recently, has in its oun 
sphere assisted considerably in the giowth and development of com- 
munications. 

We attach the greatest value here to the Science of Engineering as, 
in the utilisation of the bounties of Nature, the opening up of undeveloped 
tracts, the cultivation of arid regions and the building of communications, 
engineering has conferred great blessings. \Ve have, for that reason, a 
special College of Engineering attached to the Osmatna University, while 
our Irrigation works, like the Nirainsagar, constructed entirely by Indhaii 
engineers under one who has earned for himself the reputation of being 
one of the most brilliant Irrigation Engineers in India, testify to the use 
we have made of the constructive side of your profession. We oive to 
your science, too, and to those who have mastered and applied it, the 
many bridges and the four thousand miles of roads which intersect these 
Dominions' and make tr.ade and traflic mobile One thing that particu- 
larly strikes me in your works, whether they concern the construction of 
a dam or of a bridge or of a railway or of a road, is the corporate and 
collective endeavour which they generally repicscnl, the union ofintcl- 
Icctua! cfToit, giappliug with accurate and definite data and haws, will) 
m.anu 3 l labour, skilled or unskilled. Such common effort lor the comfort, 
the prosperity and the convcnienc of man is a very noble passion, and. I 
am sure, it is the constant ideal of all members of the profession. 

^Ve have also, ns 5 on no doubt know, cfTcctcd co-ordination between 
the means of communication in this State so far as transport is concerned. 
Road, rail and air ti afiic is being so regulated as to result in the one 
assisting the other in providing fnctlitics to the passenger while a Vehicles 
Act has been brought into foicc as a result of which a fund has been 
car-marked for the maintenance and construction of dunable road«. 
Likewbe railway construction requires planning if the needs of those areas 
arc to be served ^^hich require being opened up lor commercial, industri.il 
or other economic purposes and I am glad to say that, on account of the* 
co-opciation in the Stale of the Rc\’cnuc, the Raihvay and the Public 
Works Departments, such planning and co-ordination has been made 
successful. In addition, Hyderabad contributes to the Petrol Cc<s, the 
object of a portion of which is to dc\*clop the construction of good ivads 
and create communication between dincrciu parts of India. 

I hope you will enjoy joiir slay here and that >ou will lake b.ick 
with you good memories of the pkicc anti ofiis people. I hope, loo, that 



\s e shall be able tn meet apain and if you think of having this city again 
as your venue you may be certain that you will have a doubly warm 
welcome. 

Mr. Mohammad Ahmed Mirza^ Chief Engineer and Secretary to 
Go%ernment, Public Works Department, Hyderabad, in proposing the 
toast of the Indian Roads Congress spoke as follows : — 

Sir Akbar N.awab Hydcr Nawaz Jung Bahadur, Ladies and Gentle- 
men, I leel it a great honour to have been asked to propose the toast of 
the Indian Roads Congress. I take pleasure in taking advantage of this 
opportunity informally and Ixiforc the sesMon has actually begun to offer 
a \ciy warm welcome to the distinguished delegates (and to Mr. Stubbs, 
the President-elect) who h.avc assembled here tonight at. this Banquet 
which, you will all agree with me, is a good beginning of the more serious 
affairs that arc to engage our attention shortly. We arc particularly 
pleased that this session at Hyderabad should synchronise with the Road 
Programme that the Government of His Exalted Highness the Nizam has 
initiated to regulate and expand its activities. In your itinerary in and 
beyond the City of Hyderabad, you will travel along roads which could 
safely be taken as specimens of the work that exists in these Dominions 
You will also inspect the experimental lengths we have laid with a view 
tQ_ examining and observing these peculiarities and considering their 
suitability for adoption Wliilc embarking upon this somewhat ambitious 
programme we have to be extremely cautious as we do not wish to 
emulate the unwarranted levity of the man in a famous story attributed to 
Mark Twain who was persuaded to put lightning conductor after light- 
ning conductor at every possible point on his roof until the thunderstorm 
came and all the lightning in the heavens went for his house and wiped 
it out. 

In a country like India, with our slender resources and a vast unde- 
veloped field before us to cover, the money of the ryot has to be utilised to 
the fullest benefit. It is not mere wish or lofty enthusiasm that can achieve 
the desired results but the knowledge of the experts and skill of the highest 
order. Good and abiding results can be accomplished only by the co-ordi- 
nation of work all over the country, joint deliberations and a concerted 
effort by all upon planned measures The Indian Roads Congress alone 
can bring about and fulfil this function Let us therefore pool at least 
our mental and physical, if not material, resources and evolve a plan 
through the agency of the Indian Roads Congress for the good of the 
country, as a whole, and the service of all its peoples. 

Ladies and Gentlemen ' I do not wnh to detain you longer. I ask 
you to Join with me in drinking to the well-being and fontinucd activity 
of the Indian Roads Congress. 

(The toast was duly honoured ) 

Mr. S G Stubs, OB.E, President of the Inch.in Ro.ads Congress, 
in responding to llic toast m.'idc a brief speech 

Nawab Alisaii Y.ar Jung Bahadur. Clii'-f Engineer .md Sccretar> to 
Government, Drainage and Irrigation Dcpirtin'-ni, Ilyderaljad, proposed 
the toast of Our Guests 

(The toast was duly honoured) 

The Honourable Naw,ib M.didi Yar Jung Bdiulur. M A fOsori.), 
Political Member, 11. I* H 'lb»* Nt/.iin’s Execulive Council, replied to 
the toast. 
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IP. Treatment with Molasses of llic B.'ingalorc-Mysorc Road, by Diwan 
Bahadur N. N. Ayyangar, U A , L.C.L., M I.U (Ind.), I.S.E. 

20. The Road Problem in India with some Suggestions, by Colonel G. E. 
Sopwiih. 

21. General Review of the Results of Recent Ro.id E\pcrimcnts in India 
as revealed by Modern Practice, by K G. Mitchell, C.I.E., I S.E 

22. Road Research and Results, by C. D. N Mcare?. 

23-(a) Roads in Rural Areas (Village Roads), by Hony. Captain Rao 
Bahadur Choudhry Lai Ch.intl, O B E., M.L.A 
23-(i) Gra\el Roads, by UIvvan Bahadur N N. Ayyangar, B .\., L.C.E , 
M I.E. (Ind ), I.S E. 

23-(c) Vitrified Bricks for Surfacing Roads in Dclt.uc Districts, by G. Gopala 
Acliarya. 

21 Oil as a Binder lor Earth and Gravel Roads, by T. G. F. Hcinsworlh, 
B.A., B.A I , I S.E. 

23. Cement-bound Roads, by \V. J. Turnbull, B Sc , M Inst.C E. 

2G The Necessity foi a Reasonably Umlorm Standard Loading for Design 
of Concrete Bridges and a Suitable Loading for Such and Otiicr 
T) pcs of Bridges on Highways in India, by M G. Bancrji, B A., B E , 

A. M.Inst M 5:Cy.E .MAE, F Sc 

27. Design ofhighway bridges The necessity for an All-India Specifica- 
tion, by W A. Radice, U A , A M I C E . G Wilson, B Sc. A M I G E , 
and P. F S. Warren. B.A , A.M ICE. 

28. Permissible Stresses in Concrete Bridge Design, by W. J. Turnbull, 

B. Sc., M.InstCL. 

29. Regulation and Control of Motor Transport inMysoie, byH 
Rangachar, M A 

'9. The Construction of the Shillong-Jaintiapui Road in the Khasi Hills, 
Assam, by F. E Cormack, I S E 

3i. A Method of Rapid Road Reconn.-iissance, by Captain (now Major; 

\V. G. Lang-Anderson, R E 

Volume II! — 1937 

Some Notes on the lay-out of Rural and Suburban Roads in the 
Punjab, by R Trcvor-Joncs, M C , A M Inst.C E 

33. Roads and Public Health m India with spcaal reference to malaria, 
borrow pits, and road dust, by Raja Ram, BSc, A M. Inst.C E, 
F.R.San I., M.I E (Ind.) 

34. Further Notes on treatment of Roads with Bitumen and Tar in Delhi 
Province, by A W. H Dean, MG, I b E 

35. Economy and Developments of Bonded Brick Concreic Roads, Plain 
and Reinforced, by A K. Datia, B E , M I.E (Ind )., M A.E 

3G Ways and Means of Improving the Bullock-Cart, by G. L. W. Moss. 
37. Indian “ Road-Aggregates, ’ Their Uses and Testing, by R. L. 

Sondhi, I S.E ^ 

3S. Submersible Bridge across Parbali River at Mile 231 Agra-B 
Road, by Rai B.thadur S N Bhaduri 
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39. Optimum Weight of Vehicles of extra Municipal Roads, by K. G. 
Mitchell, G.I.E., I.S.E. 


Volami IV-~1938. 

A (i) A Method of Calculating the Stability of Braced Pile Pieis, by 
Guthlac Wilson, B.Sc , A.M.I.G.E., A.M.Am.Soc.G.E. 

A (ii) The Dhakuria Lake Bridge, by Guthlac Wilson, B.Sc., A.M.I.C E.. 
A.M Ara.Soc. G.E. 

B. Frank! Pile Foundations for Road Bridges, by W. A. Radice, B A., 
A M.I C E , M I E (India) 

G Reinforced Cement Concrete Bridges of 24 feet span constructed 
in Gwalior State, by Rai Bahadur S. N. Bhaduri, B.A., C.E , M I.E. 
Gnd.) 

D. Reinforced Concrete Bridge Across the Godavari River at Shahgadh 
in Hyderabad State, by Dildar Hussain, B.E., M.I.E.(Ind ). 

E Safe Wheel Loads for Indian Roads, by K G. Mitchell, C.I.E , I.S.E., 
and Jagdish Prasad, C.E 

F. Roads under Local Bodies and How to Maintain Them, by Rai Sahib 
Fateh Chand. 

G Corrugations on Road Surfaces, by G B. E. Truscott. 

H. An Aspect of Traffic Statistics by Ian. A. T. Shannon. 
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LIST OF MEMBERS OF THE INDIAN ROADS CONGRESS 
JULY 1938. 

Abdul Hai, Mr. — A^sislanl Engineer, A^ifabad, Hyderabad (Uccean). 

Abid Reza Chaudhr>% Mr. — Sub'Divisional OHiccr, Public Works Depat l* 
ment, P. O. Goalpara. 

Adalja, Mr. M. T. — Clucr Engineer of Uarod a State, Baroda. 

Adke, Mr. A. S. — Engineer, District Local Hoard, Dharwar. 

Adslietti, Mr. G. K. — G Koiak House, Mahar.asbira Road, Karachi. 

Ahsan Yar Jung Bahadur, Nawali — Chid Engineer and Secretary to 
Government Drainage .and Irrigation Department, Hyderabad 
(Deccan). 

All Ahmad, Mr. — Chief Engineer, Public Works Department, Shillong. 

Anant Bahvani Haval, Mr.— Ilakka Pancha>at Engineer, Shukrawar Peth, 
Kolhapur. 

Anvvarullah, Mr. — Superintending Engineer. Osmania Universtty Buildings 
Project, Hyderabad (Deccan) 

Anfuddin, Mr. Syed —Superintending Engineer, Public ^Vorks Depart* 
ment, Aurangabad Circle, Hyderabad (Deccan). 

Ayyangar, Diwan Bahadur N. N.— Chief Engineer of Mysore, Public 
Works Department, Bangalore. 

Bagchi, Mr. C. C. — Sub*Divisional Officer, Lucknow University, 
Lucknow. 

Bakshi, Mr. J.— Executive Engineer, Arrah. 

Balakrishnan Ayyar, Rao Sahib N — District Board Engineer, Tmnevelly. 

Balwant Singh Budhiraja, Mr. — State Engineer, Nabha. 

Balvant Vilhal Vagh. Mr.— Road Engineer, Burmah-Shell Oil Distribut- 
ing Company ol India Ltd , Bombay. 

Bamji, Mr. H. F.— Chief Electrical and Mechanical Engineer, Dawn 
Mills, Bombay 13 

Bancijcc, Mr. M. G —Controller of Stores, Calcutta Corporation, 
Calcutta. 

Banerji, Mr S. K.— Assistant Engineer, Rewa (Central India). 

Barua, Mr. H P —Executive Engineer. Public Works Department, 
Gauhati 

Barua. Mr. K.-Ass.stant Engineer. Public Worl.s Dcparlmcnt, Barpet.r, 
Assam 

Bashiram, Mr. S.— Superintending Engineer, I Circle, Rawalpindi. 

Basu, Mr. H L.— District Engineer, Balasore. 

Bedekar, Mr. K. M.-Exccutivc Engineer. Public Works Department, 
Karwar 

Bedekar Mr. V. P.— State Engineer, Miroj Senior (Deccan States). 

Bcnncit.’ Mr. C. M.— Executive Engineer, Public Works Dcparimeni, 
Korapui (Orissa). 
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Berg, Mr. C. L. — Executive Engineer, Public Works Department, 
Ghepauk, Madras. 

Betterton, Mr. F. A. — Public Works Department, Ranchi. 

Bhaduri, Rai Bahadur S. N. — Chief Engineer, Public \Vorks Department, 
Gwalior. 

Bhngat, Mr. D. G. — Assistant Engineer, c/o Special Road Engineer in 
Sind, Karachi. 

Bhalla, Mi. Prem Nath — District Engineer, Holkar Slate, Public ^Vorks 
Department, Gaioili 

Bhandaikar, Mr. G. P. — Chief Engineer, Holkar Stale, Indore. 

Bhnrgava, Mr. K. N — Assistant Engineer, Roads, Alvvar. 

Bharucha, Mr. M. D — C/o the All-India Construction Compinv. 
Phoenix Building, Bombay 

Bhatt, Mr. U J. — State Engineer, Public Works Department, Bhav'nagar. 

Bhattachaiya, Mi. H. — Assistant Engineer, Khulna. 

Bhattacharya, Mi. N. — Executive Engineei, Buildings and Roads, Jaipur. 

Bhavc, Rao Saheb, V. G. — State Engineer, Sangli. 

Blmyan, Mr. M. N.— Assistant Secietarj In tlie Public Works Department, 
Cuttack. 

Bidliubusan Chaudliry, Mr. —Assistant Engineer, Public W'orks Depart- 
ment, Shillong 

Bisliainber Dyal, Mr.— District Engineer, Rohtak. 

Bisht, Mr. M. S.— Assistant Lxecutive Engineer, Public \\'oiks Depart- 
ment, Nairn Tal 

Blomfield, Mr. D. J.— Superintending Engineer, I’ublic ^Vorks Depart- 
ment, Calcutta. 

Bose, Mr. A N.— Superintending Engineer, Central Circle, Calcutta. 

Bose, Ml. B N. — Assistant Engineer, Public Woiks Department, Calcutta. 

Bose, Mr. K. M. — District Enginea, Sambalpur. 

Bowers. Mr. P. L. — Chief Engineei, Jaipui State, Jaipur 

Breadon, Mr. G. W. D. — Distiict Engineer, Gurdaspiir. 

Brcbncr, Sir Alexander. — Chief Engineer, Central Public Works Depart- 
ment. 

Brij Mohan Lai, Mr. — Executive Engineer, Public ^Vorks Department, 
Lahore. 

Brown, Mr. G. A. M. — Superintending Engineer, Public Works Depart- 
nicnl, Bannu. 

Browne, Mr. C. A. — Executive Engineer, Motihari Division, Molihari, 
Bili.tr. 

Biillen, Mr. E. G. — Officiating Executive Engineer, Southern Shan States, 
Soileni (Burm.t). 

Burns Lawson, Mr. A. — The Hindustan Construction Company Limited, 
Bombay. 

Burton, Mr. R. T. — C/o Sianrkird Vacuum Oil Co., Karachi. 

Chakravaril. Mr. S. N. — M.BX, Municipal Engineer, Delhi. 
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Champalal, Mr. — Executive Engineer, Montgomery. 

Chance, Mr. P. V. CJuef Ejiginecr, Public NVorks Department, Central 

Provinces, Nagpur. 

Chapman, Mr. H. V. — Executive Engineer, Burma Public Works Depart- 
ment, Bhamo. 

Chatterjee, Mr. S. C. — Superintending Engineer, Central Circle, Calcutta. 

Chatterton, Mr. K. Manager, Structural and Bridge Building Depart- 

ment, Bum and Co , Ltd., Howrah. 

Chenoy, Mr. Faridon. S. — Executive Engineer, His Exalted Highness the 
Nizam’s Public Works Department, Shorat Munzil. Secunderabad. 

Chcrian, Mr. M. P. — Municipal Engineer, Tuticorin. 

Chinchankar, Mr. K. B The New India Construction Company, Karad 

(Satara). 

Chopra, Mr. A. N. — Executive Engineer, Public Works Department, 
Toungoo, Burma. 

Chowdhry, Mr. S. P. — Assistant Engineer, Tczpur, Assam. 

Chuttan Lai, Rai Bahadur. — Retired Chief Engineer, Dehra Dun. 

CUringbould, Mr. E. J.— -Enginecr-in*ChiePs Branch, Army Head- 
quarters, Simla. 

Clayton, Captain R.— Enginecr-in-Chiers Branch, Army Headquarters. 
Simla. 


Cocksedge, Mr. H. G.— Public Works Department, Dhubri, Assam. 
Colabawala, Khan Bahadur J. R. — State Engineer, Khairpur Mirs, 
(SindJ. 

Cormack, Mr. F. E.— Executive Engineer, Public Works Department, 
Shillong. 

Daftary, Mr. G. D — Executive Engineer, Bombay Public Works Depart- 
ment, Poona. 

Dalai, Mr. C. C.— C/o The Imperial Dank of India Limited, Hyderabad 
(Deccan). 

Dam, Mr. S. C — Executive Engineer, Jalpaiguri. 

Dangoria, Mr. Chandulal C.— Huglics Toivn. Hyderabad (Deccan) 


Das, Mr. B. C Sub-Engmecr, Local Board, Tczpur, Assam. 

Das Gupta, Mr. J. N.-Assistant Engineer. Delhi Municipal Committee, 

Das Gupta, Mr. N.l-Asphalt Engtneer. Standard Vacuum 0,1 Co., 

DaUa^'^Mr.' A. K.-Consul,ing Engineer. Rohtas Industries Ltd., 
Dalraianagar, District Shahabad. u • a 

Da„a,Mr. D C,-A,sis,an, Engineer, P O' . . 
Datta! Mr. S. K.-Sub-Divtsinnal Omcer. South Sh.llong Snb-D.rts.on, 


Pynursla, Shillong. , 

Dave Mr D P —Sub-Divisional Officer. Ah^a. 

De. Mr. B. C.-Sub-Enginrer, Pubhe WnrLs Departmrm Stlehar. Assam. 
Dean, Mr. A. iV. H.-Snperintrnd.ng Engmeer. Ne„ Drlht. 
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Desai, Mr. D. S. — C/o Messrs. Braithvvaite & Co. (India), Ltd., Calcutta. 

Devasthala, Kir. K. B. — District Engineer, District Council, Yeotmal, C. P. 

Devi Doyal, Mr. — Executive Engineer, Public Works Department, 
Dibrugarh (Assam). 

Dighe, Mr. V. A. — Chief Engineer, Janjira State, Janjira Murud. 

Dilbagh Singh Deshi, Mr. — State Engineer, Sangrur IJind State). 

Dildar Hussain, Mr. — Assistant Chief Engineer, His Exalted Highness 
Public Works Department, Hyderabad (Deccan). 

Dogra, Mr. R. N. — Apprentice Engineer, 1st Lahore Provincial Division, 
Lahore. 

Doshi, Mr. A. G. — State Engineer, Radhanpur. 

Doshi, Mr. M M.— G/o The Indian Hume Pipe, Lucknow. 

Dunbar, Mr. H M.— C/o The Concrete Association of India, Bombay. 

Duraiswami Ayyangar, Mr. M. S. — Executive Engineer, Kottayam, 
Travancorc. 

Durais\s’ami, Mr. M. R. — Municipal Engineer, Kumbakonam. 

Durrani, Mr. N. — District Board Engineer, BobbiJi, Vizigapatam District 

Dutt, Mr. G. N.— Sub-Divisional Officer, Public Works Department, 
Kohima (Naga Hills, Assam). 

Eapen, Mr. M. — Municipal Engineer, Bezwada. 

Eastmond, Mr. A — M.C.. Executive Engineer, Kumaun Division 
Naini Tab 

Eccleston, Mr. IV T. — Executive Engineer. Multan Provincial Division, 
Multan. 

Edibam, Mr. N. R. — D57/35, Aurangabad Road, Benares. 

Edwin, Mr. J. W.— Assistant Engineer, G. & M. Station Municipality 
Bangalore. 

Endlaw, Mr. D. N. Civil Aviation Division, Bombay. 

Fairs, Mr, G. — Sub-Divisional Officer, Bannu Civil Works Sub-division, 
Bannu. 

Faqir Mohd. Khan, Mr. — Executive Engineer, Public IVorks Department 
Dchra Ismail Khan. 

Farqui, Khan Bahadur M. Z. A . — Executive Engineer, Central Public 
Works Department. 

Fateh Chand, Rai Sahib Lala. — Secretary-Engineer) District Board, Bijnor. 

Fetters, Mr. J. M. — District Representative ofCaterpillarTractor Co., C/o 
American Consul, Calcutta. 

Fielder, Mr. J. C.--C/o Messrs. Turner Morrison and Co. Ltd.. Calcutta 

Fitzherbert, Mr. R. A. — Superintending Engineer, Public IVorks Depart- 
ment, Bombay. 

Gandhi, Rao Bahadur K. J. — State Engineer, Junagarh. (Kathiawar), 

Gangadhara, Mr. K. S. — .Assistant Engineer, No. 2 Sub-division, Challakcrc 

Garga, Mr. M. L. — Municipal En^ncer, Agra. 

Ghanckar. Mr. Y. K. — Assistant Engineer, Nagpur Improvement Trust, 
Nagpur. 
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Gharpurc, Mr. A. V. — C/oTlic Indian Hume Pipe Co. Ltd., Dclln. 

Ghosc, Mr. S. K. — Awhtam Lngiiiccr. Public Works Dep.irtment. 
Muzaffarpur. 

Gilbert, Mr. L. B. — Oniciating Consulting Lngincer to the Government 
of India (Roads). 

Gilmore, Mr. C. F. G. — Director, Industrial Research Bureau, Indian 
Stores Department, New Delhi. 

Gnanaprakasam, Mr. N. T, — L.F, Assbtant Engineer, Bezwada. 

Gobindaswamy Naidu, Mr. R. B. — Assistant Engineer, Pithapuram. 

Goghari, Mr. D. W. — Retired State Engineer, Bhavnagar. 

Gohvala, Mr. P. E. — Civil Engineer, C/o Chief Engineer, Bombay Port 
Trust, Ballard Estate, Bombay. 

Gopala Acharya, Mr. G.— Assistant Engineer, Public \Vorks Department, 
Gudivada Kistna District. 

Gopalan, Mr. M. — Special Superintending Engineer, Capital Works 
Circle, Kachiguda, Hyderabad (Deccan). 

Gopal Das, Mr.-— Sub-Divisional Ofliccr, Public Works Department, 
Hissar. 

Gopal Singh Nat, Mr.— C/o Garrison Engineer, New Construction, 
Wana. 

Goswami, Mr. S. M — Assistant Inspector of Local Works, P.O.Motihari, 
Chatnparan. 

Gough, Mr. D —Representative of the Society of Motor Manufacturers 
and Traders Ltd., Bombay. 

Graham. Captain R. G. — Executive Engineer. Public Works Department, 
Peshawar. 

Gray, Mr. T. Campbell.— Shalimar Tar Products Ltd., Madras. 

Griffiths, Mr. \V. A — Burmah-ShcU Oil Co., Ltd., Calcutta 


Gue, Rai Sahib, K C. — District Engineer, Jalpaigun, Bengal. 

Guc, Mr. T. C. — Chief Engineer, Rewa Stale 

Guha, Mr. J. C. — Executive Engineer, P W. D, Deccan Division, P.O 
Ramna, Bengal 

Ounncll, Captain W. B.— C/o Messrs. Ford & Macdonald Led , Nctv 
Delhi. 

Gupta, Rai Sahib J. N -Sub-Divisional Officer, Special Works Sub- 
Division, Shillong. 

Gupta, Mr. M. C —Municipal Engineer. Allahabad. 

Gupta. Mr,S.M.-Ass.stam Engineer, Public Works Department. Pegu. 


Burma. . . _ 

Gurustvami, Mr. S.-Assisraot Inspector of Local Works, .MuralTarpor. 
Haic, Lt -Col W. dcH.-D S.O , CldcrEoBrncrr, Publ.c Works Department, 
B. & R. Brand., Umted Provtnees, Luckiiow 
Haio, Mr H. W. T. -Managing Director. Bra.th.sa.te & Co. (India) 


Ltd., Calcutta. 
Hainsworlh, Captain J. R 


Execumc Engineer, Peshawar. 
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Hall, Captain G. F. — C.I.E., M.C., Chief Engineer, Public Works Depart- 
ment, Ranchi. 

Hanmanth Rao, Mr. C. — Divisional Engineer, Parbhani. 

Hardit Singh, Mr. — Sub-Divisional Officer, Charsadda. 

Hardlikar, Mr. J. G. — Executive Engineer, Public VVorks Department, 
Parbhani (Nizam’s Dominions). 

Hari Chand, Rai Sahib — Concrete Association of India, New Delhi. 

Hari Shankar Sharma, Mr. — District Board Engineer, Meerut. 

Harris, Mr. H. A.— Executive Engineer, Lyallpur Provincial Division, 
Lyallpur. 

Harris, Mr. J.— District Board Engineer, Saharanpur. 

Harrison, Mr. C. P. M. — Chief Engineer, Department of Communications 
and Works, Calcutta. 

Hewitt, Mr. R. G. L. — Superintending Engineer. Orissa Circle, Cuttack. 

Hodgson, Mr. E. S.— Broadway Buildings, Westminster, London. 

Hogshaw, Mr. F. H Superintending Engineer, Calcutta. 

Hughes, Mr. H — Chief Engineer, Burma Public Works Department, 
Rangoon. 

Hunter, Mr. C. F. — Dy. Chief Engineer. Public Works Department, 
B & R. Branch, Lucknow. 

Iqbal Narain Mehta, Mr. — Municipal Engineer, Mult«an. 

Ishtiaq All, Mr. — Assistant Municipal Engineer, Dellii. 

Jagdish Prasad, Mr. — Assistant to the Consulting Engineer to the 
Government of India (Roads), Simla. 

Jagmohanlal Bhatnagar, Mr — Slate Engineer, JhaJawar Slate, Brijnagar, 
(Rajputana). 

Jardine, Mr. A. — Director, jessop &; Co. Ltd-, Calcutta. 

Jayswal, Rai Bahadur U. S. — District Engineer, Muzaffarpur. 

Jivarajani, Mr. M. R.— State Engineer, Porbander. 

Jivar.njni, Mr. P. R. — Assistant Engineer, Jncobabad. 

Joglckar, Mr. G. D, — Supervkor, District Local Board, Thana. 

Jones, Mr. F. T.— C.I.E., M.V.O., Chief Engineer, Central Public Works 
Department, Simla/Ncw Delhi. 

Joshi, Mr. N. S. — Assistant Engineer, 877 Sadashiv Pelh, I’oona. 

Joti Prasad, Mr. — District Engineer, Narsinghpur, (G. P,). 

Jussawala, Mr. J. R. — St.atc Engineer, Cambay. 

Kamcs.im, Mr. S.— Forest Research Institute, Dchra Dun. 

Kanhcrc, Mr. V. P. — Stale Engineer, Bhor Slate. ^ 

Karve, Mr. K. V. — Assistant Engineer. Public Works Dcpaitnicnt, 
Sh.inkarnpurnm, Bangalore City. 

Katkoria, Mr. G. R. — State Engineer, Ctitch Stale, Bluij. 

Katrak, Mr. M. M. — Sappers Line, Secunderabad. 

Kcatingc, Mr. II. A. — Executive Engineer, Public Works Department, 
K.nj$halii, Bengal. 



Kelly, Mr. R. J. — AssUt.inl Lxcculivc Engineer, Services Division. Central 
Public ^Vorks Department, N(nv Delhi. 

Kerr, Mr. J. Oldfield.*— C/o Burmah-Shcll, Karachi. 

Kerr, Mr. R. A. — C/o The Burmah Oil Company, Ltd., Rangoon. 

Khairuddin Ahmed, Mr. — R\ccuii\c Engineer, Public Works Department, 
Hyderabad (Deccan). 

Khan, Mr. N M. Assistant Engineer, Special Division, Khiratabad, 
Hyderabad (Deccan). 

Khanna, Mr. I N. — Asphalt Road Engineer, Standard Vacuum Oil Co., 
Engineers’ House, Chhipiwara. Delhi. 

Khanna, Mr. Prem Nath — District Board Engineer, Muttra 

Khatri, Mr. K. G. — Sub-Divisional Officer, Public Works Department, 
Shahbazgarhi, Tchsil Mardan. 

Kidar Nath, Rai Sahib. — Executive Engineer, Public Works Department, 
B. & R. Branch, JuUundur Canti. 

Kikkeri, Mr. S. A. — •! Club House Ro.ad, Madras. 

Kirk, Mr. E. S _C/o Braiihwaltc Burn &. Jossop Construction Company, 
Calcutta. 


Korni, Dr. M. A.— Chief Engineer, Reinforced Concrete Department, 
Bird and Co. Ltd., Calcutta. 

Kunte, Mr. Vaman J. State Engineer, Jamkhandi. 

Kurian, Mr, J.— Engineer to the Corporation of Madras, Madras. 

Kutty Krishnan, Mr. O. C.— Roads Engineer, The Standard Vacuum 
Oil Co. Madras. 

Kynnersley, Mr. T. R. S.— The Associated Cement Companies Ltd., 
Bombay 

Lakshminarasimhaiya, Nfr. N. — Executive Engineer, Bangalore. 

Lakshminarayana Aiyar Venkatakrishnan, Rao Bahadur. — Superintending 
Engineer, Tanjorc Circle, Tanjorc. 

Lakshminarayana Rao, Mr. A. — District Board Engineer, Masulipatam, 
Kistna District. 

Lang-Anderson, Major W. G.— bupcrinicnding Engineer. Public Works 
Department, Peshawar. 

Dawlcy, Mr. W.-Executivc Engineer, Public Works Department, Mardan. 

Lekh Raj, Mr.— Civil Engineer, Kapurthala State, Kapurtliala. 

Lloyd, Mr. M. E.— Asphalt Engineer, Standard Vacuum Oil Co , Calculla. 

Lokanatha Mudahar. Mr. T.— District Board Engineer. Coimb.Uorc. 


Lokendra Bahadur, Mr.-Executive Engineer, H.s Ex.-,ltc(l lliglmcs, the 

Nizam’s Public Works Dcpartinciil, Bidar. 

Mackenzie, Mr. R, II. T. -Chief I jiBinr'-'. Ihh”'"' 'hkamr. 

Madhav, Mr. S. K. -AMiUaiit Eiigmerr, City M'miu l|Mlity, m ore. 

Madhava Ra„. ah.-l.. f- A I:-!:!--. 

Bapatla, Guntur *• . , 

Madho I'raiad SrivJ..lav„, Mi. - Riaul I !ii:i""''i '•“'^know. 
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MababirPrasad.Mr.— Deputy Chief Engineer, Public W’orks Department, 
Lucknow. 

Malhotra, Mr. B. R. — Assistant Engineer, Public Works Department, 
Pesha^var. 

/ 

Malik, Sardar Bahadur, T. S. — Superintending Engineer, Central 
Public Works Department, New Delhi. 

Manohar Nath, Mr.^ — Executive Officer, Municipal Board, Meerut. 

Marker, Mr. H. F. — Superintending Engineer, Mysore Public Works 
Department, Bangalore. 

Mathew, Mr. P. G.— District Board Engineer, Nellore South, Nellore. 

McIntosh, Mr. R. — Executive Engineer’s Bungalow, Waltair, Vizagapalam 
District. 

Mckelvie, Mr. G. M. — Executive Engineer, Central Public Works Depart- 
ment, Dehra Dun. 

Meaies, Mr. C. D. N. — C/o Standard Vacuum Oil Co,, Calcutta. 

Mehdi Alt, Mr. Mirza — District Water Works Hanamfcunda (Nizam’s 
Dominions) 

Mehra, Mr. S. R.— Sub-Divisional Officer, Multan. 

Mehta, Mr. Jagmohandas T. — Town Roads Supervisor, Vadva, (Bhavna- 
gar State) 

Mehta, Mr. N. N.— Kennedy Cottage, Central Division, Simla. 

Meswani, Mr. V. M. — Indian Hume Pipe Company, Lucknow. 

Mitchell, Mr. K. G, — C.I.E., Consulting Engineer to the Government of 
India (Roads), Simla. 

Modak, Mr. N. V.— City Engineer, Bombay Municipality, Fort, Bombay. 

Modi, Mr. A.K. — The Navsari Electric Supply Company, Ltd., Navsari, 

Mohammad Abdul Kayyar Khan, Mr.— Divisional Engineer, His Exalted 
Highness the Nizam’s Dominions, Kharimnagar. 

Mohammad Abu Turab, Mr. — Superintending Engineer, Public Works 
Department, Medak, (Nizam’s Dominions). 

Mohammad Assadullah, Mr. — Divisional Engineer, His Exalted Highness 
the Nizam’s Dominions, Bhir. 

Mohammad Ibrahim, Mr. — Executive Engineer, Public Works Depart- 
ment, Asifabad, Hyderabad (Deccan). 

Mookerjee, Mr. B. N. — C/o Martin & Company, Calcutta. 

Mookerjee, Mr. R. N. — 8/3 Loudon Street, Calcutta. 

Morgan, Mr. I. — 103 Clive Street, Calcutta. 

Morris, Mr. A. E. C. — Branch Manager, McKenzies Limited, Esplanade, 
Madras. 

Morris, Mr. W. H.— C/o The Wardic Engineering Company, Secunderabad. 

Mufti, Mr. M. I. D. — Garrison Engineer’s Office, Fort William, Calcutta. 

Mukerjee, Mr. A. C. — Executive Engineer, Provincial Division, Lucknow. 

Mukerji, Mr. U.N. — Executive Engineer, 70 ParashorRoad, P.O.Kalighat, 
Calcutta. 

Mukhejji, Mr. P. K. — District Board Engineer, Cocanada, (East Godavari). 
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Murari Lai, Mr. — Assistani Engineer, Public Works Department, Rohtak. 

Murphy, Mr. W. H. — M.lkE., Municipal Executive Engineer, Bangalore. 

Murrell, W. L. — Superintending Engineer, Chhota NagpurCirclc, Ranchi. 

Nadirshah, Mr. E. A, — H)draulic Engineers Department, Improvement 
Tnut Building. Bombay. 

Kagarsheth, Mr M. P — Nagarsheth’s Street, Broach, Bombay Presidency. 

Nageswara Ayyar. Mr A. — Special Engineer for Road Development, 
Madras. 

Nambiar, Mr. K K. — District Board Engineer, South Kanara, Mangalore. 

iVanda, Mr. B. D — Di\ isional Engineer, Banihal Rond Division, Udhampur. 

Naqvi, Mr. M. H. — Executive Engineer, Public ^Vorks Department, Bhir, 
Hyderabad (Deccan). 

Narasimha Iyengar, Mr N. — Assistant Engineer, No 2 Sub*Division, 
Mj'sore Public Works Department, Dodballapur. 

Narasimha Iyer, Mr. M. K.— Executive Engineer, Mallcstvaram, Bangalore. 

Narasimham, Mr. J. S.— rtl Malak Pet, Hyderabad (Deccan). 

Narasimha Shenoy, Mr. B,— District Board Engineer, Calicut, Malabar. 

Narayanamurty, Mr. B.-~L. F. Assistant Engineer, Vizianagram. 

Narayana Nayar, Mr. P T.— Special District Board Engineer, Calicut, 
Malabar. 

Narayanaswami, Mr. S.— District Board Engineer, North Ramnad, 
Tirupathur. 

^ayar, Mr. D. P.— Sub-Divisional Ofliccr, Public \Vorks Department, 
B. & R. Branch, Lahore. 

Naziruddin, Mr, K.— Executive Engineer, Berhamporc (Ganjam). 

Newton. Mr, B. St. J.— OfTiciating Superintending Engineer, Raipur, C. P. 

Nicokon, Mr, J. F. H.-Chief Public Works Officer, Federated Shah 
States, Taunggyi Burma. 

Nightingale, Mr. A. W.— Superintending' Engineer, Bellary (Madras 
Presidency). 

Nilsson, Mr. D.— Chief Engineer, and Director, J. G. Gammon & Co- 
Bombay. 

Northey, Lt. Col. H. S— Superintending Engineer, Public Works Depart- 
"lent, P. O. Modigere, Kadur District. 

Nougerede, Mr. C. E. De la,— Assistant Garrison Engineer, Shillong. 

Oram, Mr. A.— Chief Engineer, Public Works Department, Peshawar. 

Pancholi, Mr. D. B. — State Engineer, Dhrangadhra State, Dhrangadhra. 

Parikh, Mr. H. B.— Special Road Engineer in Sind, Public Works Depart- 
®tcnt, Karachi. 

Parmara, Mr. S, — A. P. Sen Road, Lucknow. 

P 2 ‘ri, Mr, B D.—Executivc Engineer, Special Roads Division, Hyderabad 

(Sind). 

Patel, Mr. M, R.— Executive Engineer, Nas-sari (Baroda Stale) 

P«rcc, Mr. E. O.— Departmental Manager, Engineering, Bird & Co., 
Calcutta. <j- 
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Pennel, Mr. K. E. L. — M.C., Chief Engineer and Secretary, to the Govern- 
ment of Assam. Public Works Department, Shillong. 

Pereira, Mr. R. A. — District Board Engineer, Erode, South India. 

PJumley, Mr. D. J. — State Engineer, Jagdalpur. 

Powell, Mr. J. G. — Chief Engineer and Secretary to the Government of 
Bihar, Public U'orks Department, Patna. 

Radice, Mr. W. A. — Brnithvvaiie Burn and Jessop Construction Com- 
pany, Calcutta. 

Raghavachary, Mr. K. S. — Assistant to the Special Engineer, Road 
Development, Madras. 

Rajam, Mr. M. K. — Assistant Engineer, Public Works Department, 
Arjanapur (Mysore) 

Raj Mohan Nath, Mr. — Assistant Engineer, Public Works Department, 
Nowgong, Assam. 

Raju, Mr. P. Venkataramana — Executive Engineer, Public Works Depart- 
ment, Bezwada. 

Ramamurti, Mr. K. S. — District Board Engineer, Guntur District, Ongole. 

Ramamurty Pantulu Guru, Mr. K. — Public ^Vorks Supervisor, Vizaga- 
patam Municipality, Vizagapaiam. 

Raroanujacharya, Mr. S. — ^Assistant Engineer, Public Works Department, 
Anantapur, Madras Presidency. 

Ramanujam, Mr. M.A. — Assistant Engineer, Head Quarter Range, Mysore. 

Ramaswami Iyer, Mr. T. R. — Ramnad District Board Engineer, Tiruvan- 
amalai. 

Ramaswamy, Mr. H.— District Board Engineer, Dharwar, Bombay 
Presidency. 

Ramchandra Subrahmanyam, Mr.— Executive Engineer, Madura Munici- 
pality, Madura. 

Ramesh Chandra, Mr. — Thomason College, Roorkce. 

Ranadc, Mr. D. H. — B.E , c/o Messrs. Ranade Brotljcrs, Engineers and 
Contractors, Poona 2. 

Rangaswami, Mr. K. — State Engineer, Pudukkottai State, Pudukkottai. 

Rangaswami, Mr. V. N. — Road Engineer, Burma-Shell Co., Madras. 

Rangaswami, Mr. V. S. — Assistant Engineer, District Board, . West 
Tanjore. 

Rangaswamy, Rao Sahib M. A. — District Engineer, Darbhanga. 

Rao, Mr. D. V.— Executive Engineer, Well Sinking Department, Shora- 
pur, District Gulbarga. 

Ratnagar, Mr. R. D. — Executive Engineer, Public VVorks Department, 
Jubbulpore, 

Ray, Mr. G. P. — District En^necr, Puri. 

Rege, Mr. D, Y. —C/o Standard Vacuum Oil Company, Bombay. 

Rege, Mr. S. B. — Executive Engineer, Ratnagiri Division, Ratnagiri. 

Roberts, Mr. S. A.— Partner, Bird & Co., Calcutta. 

Ross, Mr. G. M. — Chief Engineer and Secretary to the Goverment of North 
\Vcst Frontier Province, Public VVorks Department, Peshawar, 





Ro\\lands, Mr. \V. H.—Tcchnical A^^iMant, Uurmali-SljrJl Oil Co.. Ltd.. 
New Delhi. 

Roy, Mr. C. R.— Lxccutivc LnRinerr. Chhindw.'tr.i. 

Sadarang.nni. Mr. V. H — l’rorr\^or of Civil r.n^incrrint'. College of 
Etiginccring, M.idrav, S.iidapct. 

Safdar All Sharcef, Mr — •X'vtit.int Engineer, Public Works Deparimcnt, 
H>dcrab.'id (Dctcani 

Sahney, Mr. C — Assist.mt Iniginccr, Public Works Dcp.arimcnt, Gonda. 
^ak«cna, Mr. C P — .\vsistant Engineer, Urw.i State, Anniippiir 
, Sanjana, Mr N. P. — Engineering Assistant, CIncr Engineer’s OrTicc. 
Bombay Port Trusi, Fori, Homba\ 

Sankaram, Mr. G. B. — L F. Assistant Engineer, Gudiv'ada 

Sant Ram Shagal. Rai Sahib. — State Engineer. Mcw.ir State, Udaipur 

Sarabhoja, Mr. N Superintending Engineer, Irrigation Circle (K. E. S. 

Works) Bangalore 

Sarkar, Mr R K. — Municipal Engineer. Lucknow. • 

Sasiri, Mr X A.— KXIS Kuibigud.a Ro.ad, Sultan Bazars, Hyderabad 
(Deccan). 

Satyanarayana, Mr. 13.— District Board Engineer, Rajahmuiidry. East 
Godavarj 

Sayoji Rao, Mr. H. R —Assistant Engineer, District Board, Kistna, 
Masuhpatam 

Scaldwell, Mr. R. W.— Superintending Engineer, Mysore Circle, Mysore. 
Scott, Mr. G. E.— Superintending Engineer, Rangoon. 

Seshagiri Rao, Mr. G Executive Engineer, Krislmaraja Sagara, Mysore 

Stale. 


Shah, Mr. M. J.— Road Engineci, Rajkot State, Rajkot. 

Shah, .Mr. V, T —Engineer to Khan Bahadur M. A. K. Mackawee, 
O B.E , Govt Contractor, Jifaidan Road, Gamp Aden, Arabia. 

Shahani, Mr. C M.— C/o Braithwaitc & Co. (India) Ltd., Calcutta. 

Shahani, Mr. H. M.— Supervisor of Works, Hyderabad Municipality. 
Hyderabad (Smdj. 

Shanker Rao Panic, Mr.— District Board Engineer. Anantapur. 

Shannon. Mr. Ian. A. T.-Technieal Expert, Burma-Shell Co , Madras. 
Shatma. Mr. S S.-Assistant Engineer. Benares Prov.ne.al D.v.s.on, 

ShiftonkMr.K J.-Chieromeerand Engineet. District Local Board 

S.nhaTMrH'R-r.xeent,vc Engineer. Centra. Public .Porks Deparimenl, 

Sirajuddin, Mr. General Secretary. Indian Roads and 

Stnidi, L,..Coh H. P.-M C . O.BE.__^ 


Transport Development / 


Sondhi. Mr. R. L.-Exccutiv 


ix Engineer, Lahore. 


Sopwith, Colonel G. E.- 
Calcutta. 


.Genrr.i1 M.'vnager, Shalimar Tar Prcxlucts Ltd., 
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Sowani, Mr. D. G. — Executive Engineer, Kolhapur State, Kolhapur. 

SriNarain, Rai Bahadur — Chief Engineer, Gawnpore Improvement Trust, 
Cawnpore. , 

Sridhar Rao, Mr. — District Board Assistant Engineer, Tellichary, 
Malabar. 

Srinivasachari. Mr. M. A. — Retired Superintending Engineer, Basavangudi, 
Bangalore City. 

Srinivasamurti, Mr. K. V. — Assistant Engineer, No. 1 Sub-division, Public 
\Vorks Department, Mysore. 

Snnivasan, Mr. K. — L. F. Special .Assistant Engineer, Vizianagram. 

Srinivasa Raghava Acharyar, Mr. V S — District Board Engineer, 
Trichnopoly. 

Stanter, Mr T VV. — C/o .Avcling-Barford. Ltd , Grantham, England. 

Stevens, Major A. E. — Officiating Commanding Royal Engineer, Western 
Command. Karachi. 

Stuart, Captain James — Executive Engineer, Public ^Vorks Department, 
Bannu. 

Stuart Lewis, Mr. A. — The Concrete Association of India. Calcutta 

Stubbs, Mr. S G. — O.B.E., Chief Engineer, and Secretary to the Gosern* 
ment of Punjab, Public Works Department, Lahore/Simla E 

Subha Rao, Mr. K — Municipal Engineer, Guntur. 

Subha Rao, Mr. N — Superintending Engineer. Mysore Circle, Mvsoie 

Sujan, Mr. S. B — District Engineer, Concrete Association ot India, 
Karachi. 

Sukhatankar, Mi V. M — District Engineer, District Local Board, Belgaum. 

Sundaram Pillai, Mr. N. P. — District Board Engineer, Negapatam 

Sundaresan, Mr. T. V. — Assistant Garrison Engineer Colaba, Bombay 5. 

Sunderlal, Rai Bahadur— Superintending Engineer, Public Works Depart- 
ment, Nagpur. 

Surati, Mr H M. — Divisional Engineer, Roads, Hyderabad (Deccan). 

Thorpe, Mr. A. N. — Consuliing Engineer, Dholpur State, Dholpur. 

Tirumalaiswami Ayyar, Mr K. — District Board Engineer, Saidapet. 

Todd, Mr J. M — Executive Engineer, Moulmein Division, Public Works 
Department, Moulmein, Burma. 

Tonks, Air. H. J. — Officiating Chief Engineer, Rangoon Corporation, 
Rangoon. 

Trevor-Jones. Mr R. — M.C., Supei intending Engineer, Third Circle, 
Lahore. 

Tripathi, Mr. S. N. — Assistant Engineer, Public Works Department, 
Chhindwara. 

TroIIip. Air. A. S, — General Alanager, The Bombay Electric Supply and 
Tramway Co, Ltd., Bombay. 

Truscott, Mr. G. B. E. — Chief Engineer, Public Works Department, 
Travancore. 

Tulsidas Banerji, Rai Saliib — ^Assistant Garrison Engineer, Jubbulpore. 

Turnbull. Mr. W. J. — C/o Shalimar Tar Products (1935) Ltd., Bombay. 



Tweed, Ml. Raililin. J C. — Works Mnnni^n, Braithwaite & Co. (India) 
Ltd., Calcutta. 

Ulfat Rai Chaddha, Mr. — Military’ Lngiticcring Scr\ice, Nowshcra Cantt. 

Utiam Chand Gaur, Mr.— Officiaiing Garrison Lngmccr. Military 
Engineering SciA'iccs, Quetta. 

Vaishnav, Mr. S. G — Personal Assistant to the Chici Engineer, Baroda 

Vakil, Rai Sahib N H. — District Engineer, P. O Motihan, Cliainp.iran. 

Varma, Rai Bahadur A. P — Chief Engineci , Patiala State, Patiala 

Varma, Mr. R. L — Exccutise Engineci, Public Works Depaiimeni, 
Tezpur. 

Vasvani, Mr. G. B — Assistant Engineer, Roads, Karachi Municipality. 

Venkatasubrahmanya Iyer, Mr. C 5. — District Board Engineer, Kurnool 

Vesugar, Mr j.— Under Secretary to the Government of Punjab, Public 
Wotks Department, Buildings and Roads Branch, Lahore 

Vipan, Mr. A. — C I.E., Chief Engineer, Government of Orissa, Public 
Works Department, Cuttack. 

Wadley, Mr. K. L. H. — Executive Engineer. Simla Central Division, 
Simla. 

Wale, Mr. N D — Engineer, Municipal Borough, Hubh, District Dharwar. 

Walker, Brigadier E. C. — Chief Engineer, Southern Command, Poona. 

Walker, Mr. W. F.—Exccutive Engineer, Public Works Deparimefit, 
Meerut. 

Warren, Mr. P. F. S. — Director, Jessop and Co. Ltd., Calcutta. 

^Velhvood, Mr. F. D.— Chief Engineer, Mayurbhanj State, Baripade. 

^Vhishaw, Major W. B — O.B.E . M.C., R.E., Engineer-in'Chief’s Branch, 
Army Headquarters, Simla. 

"Whitby, Mr. A B.— Executive Engineer, Public Works Department, Hoilem 
Burma. 

"Willcocks, Mr. H. — Superintending Engineer, Central Public Works 
Department, New Delhi. 

Wilson, Mr. G. — Engineer, Braithwaitc Burn and Jessop Construction Co., 
Calcutta. 

Winckler, Mr. L A H.— Executive Engineer, Mysore Public Works 
Department. Kadiir. 

Wooltorton, Mr. F. L D. — Executive Engineer, Shivebo Division, Shwebo, 
Burma. 

Zutshi, Mr. M. N.— Engineer, District Board, Gorakhpur. 
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BURMAH'/HELL 

OIL STORAGE AND 

DISTRIBUTING Co. OF INDIA LTD. 

(Incorporated in England) Atmts 

CALCUTTA. KARACHI, BOMBAY. DELHI, MADRAS 



More Work-in Less Time, at Lower Cost 



i i Motor Company has been building 

I trucks for twenty years. It has built more 
h '“’1 tnillion trucks — more than any other 

manufacturer. The famous Ford V-8 Truck 

U toi"- •••“' " *-•' 

r'--~-'r'trTT'“- ■ 1 Engine Is now in its seventh year of success. 

* ‘ ’’ 

} With all this experience and with V-8 perform- 
ance and economy records still rolling in— it means a great deal to 
say that the 1938 Ford V-8 Trucks are the finest Ford has ever 
built. They’re the most economical trucks in Ford history. 

These 1938 units are designed for peak performance— built through- 
out to put more pay in every payload. The V-8 Engine, sound 
when introduced in 1932, is an even finer power plant today. A 
new 1 34. inch wheelbase increases load space. The frame width is 
new on both the 134-inch and 157-inch chassis. Brakes are bigger 
and newly designed to stop a heavily loaded truck with less 
pressure on the pedal. A new type steering gear reduces friction. 
The new steering wheel is larger in diameter. All help to 
make all-day driving an easier job. 

FORD V-8 TRUCKS 





Wallace & Stevens 

THE ROAD ROLLER 

WITH r.Vr.RY Rr.ITNT.Mr.NT 
CAMBr.RIXC RI'.AR R01.I.S 
DIFFF.Rr.NTIM. 

lNSlAN’T\Nr.<n '' 
RFA r.RSF. 

THE ROLLS ROYCE 

ROI.LER 

ADVANCE UIESEt 


ARMCO-CALCO 

Nl'STAIil,!', CUI.VERTS 



BRISTOWE’S 

ASPHALT 

MACHINERY 

5 & 8 Cu Ft with Power 
To Sparc 

AHEAD OF THE 
times 

Al.L TYFES OF 
ASPHALT PLANT 


SEALKRAFT 

CONCRETE CURING PAPER 



& CoT 

BOMBAY. KARACHI. CALCinTA. MADRAS. 
LAHORE & DELHI. 


“ATEM” 


ROAD & AIR-BLOWN ASPHALT 

SUPPLIERS 

and 

CONTRACTORS 

FOR 

ALL TYPES OF 

ROAD CONSTRUCTION 

Specifications and Estimates Furnished 
on Request. 

“ Atem ” Asphalts conform to the I. S. D- 
Specifications. 


GARLICK’S PRODUCTS & PAINTS 
MFG. COMPANY, 

HAINES ROAD, JACOB CIRCLE, BOMBAY. 



for concrete flanks and 

ASPHALT CENTRED ROADS 

Use 

BITUMULS 

THE MODERN WAY TO USE ASPHALT 

The cheapest asphalt construction for Roads, 

Footways, Aerodromes, Platforms, Roofs 

Expansion Joints and Waterproofing Soils and Sand a speciality. 

Full particulars from 

bitumen emulsions (INDIA) LTD. 

Managing Agents:— 

D. WALDIE & Co., 

8 cilvc Street — — CALCUTTA. 

DEUTZ KEMNA 

DIESEL ROAD ROLLER 

Outstanding in economic efficiency 

Simple Construction 
Absolute Reliability 

Available in sizes from l.\ to 151 tons weifiht. 


Apply for further particulars ; 

KRUPP INDIAN TRADING Co. Ltd. 

BOMBAY (IncorpoiMcd In CCTm»n» CALCUTTA 

I*, O Bo* 660 O* Box 2163 









CHEVROLET 


C OME and see Che new Chevrolet 
Trucks! These latest Models are 


tougher, better equipped, more eco* 
nomica! than ever before. The powerful 
Chevrolet six-cylinder valve-in-head 
engine, long famous for its economy and 
performance, now has increased horse- 
power and pulling power. Yet running 
costs remain as low as ever! Chevrolet 
Trucks are the trucks to make money 
for you. They carry bigger payloads, 
faster and more cheaply— and that's the 
reason why more Chevrolet Trucks are 
sold in India than any other make. 

SEE THE 


:w CHEyRDLET TRUE 


HADE BY CEMEBAL HOTOBS IMDIA UMITED. 


PUBLICATIONS 


OF 


THE INDIAN ROADS CONGRESS 


A limited number of copies of the following publications of the 
Indian Roads Congress are available for sale. 

(1) Proceedings of the Inaugural Indian Roads Congress, 

Delhi, 1934. (Reprint 1937). Price Rs. 4 per copy 
(including postage). 

(2) Proceedings of the Second Indian Roads Congress, 

Bangalore. 1936. Price Rs. 4 per copy (including 
postage). 

(3) Proceedings of the Third Indian Roads Congress, 

Lucknow, 1937. Price Rs. 4 per copy (including 
postage)- 

(4) Indian Roads Congress Standard Specification and Codes 

of Practice for Road Bridges in India. Price Rs. 5 
per copy {excluding postage). 


To be had from — 

THE SECRETARY. INDIAN ROADS CONGRESS. 
C/o Department of Communications, 
Government of India, 

SIMLA/NEW DELHI. 
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A'wiaied Cmcnt Companif' Ijd 

BianWaiu, l\urn and 
Construction Co, Limited. 

Burmah Shell Od Storat^ and Dimii* 
buting Company of India Limited. 

Burn and Company Limited 

Caliex India Lim'ued 
Concrete A'«yciation of India 

D. Waldie and Company 

Ford Motor Company of India 
Limited. 

Garheks* Products and Paints Manufai* 
turinij Company. 

General Motors India Limited 

Greases Cotton and Company Limited 

Hindusihan Engineering and Construc- 
tion Company 

Indian Roads Congress 

Ktupp Indian Tradsng CompaivY, 
Limited. 


Cenieiil 

Licensees for ItaiiVt IMcsandCenetal 
Lnginrrring I’nfitr.utius 

Road Surracim; Maleriils 

Rosd Rollers and T.ir and Aspball 
Itoilrrs, 

Road SurraciiiR Mnieri.ds 

Advisers on Cement Cinierrle Roads 
Cvnsiructinii 

Ro.ad Surfacing M.iteriaU 
Motor Trucks 

Road Surfacing Materials Suppliers 
I and Contra! tors 

Motor Trucks 
Road Rollers 
Engineering Coiiiraiturs 

I Publications fur Sale 
' Diesel Road UolleC'. 
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Millars’ Timber and Trading Com- 
pany, Limited 

Sbalimar Tar Products 1 193u) Limited 
Standard Vacuum Oil Company 
\’olkatt Brothers 

William Jacks and Company 


I Road plant 


Road iae 

Road SutfaciriR MatetiaU 

DiRRiiig, Hauling and Dumping 
Machinery 

Road Grading and Maintenance 
Machinery, Nestable Culverts and 
Curing Paper. 


XMl 




For parltculars for odi'erftrtn^ spare in the Frocefdtrtgs of the Fifth Indian 
Roads CongTfSSy which will be pnnUd lortulime m Maj or June^ 1V30^ please 
cotnmunicale with — 

Tht Stcrtlaiy, Indian Roads Congttss, 

C/o Drparlmenl of Communuations. 
Goiemmttil of India, 

StnlaijVeu Drlhi. 
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More MILEAGE 

Less MAINTENANCE 

With 

SOCONY ASPHALTS 






TEXACO 

ASPHALT 

Texaco AsphMt paving wins the approvai of road engineers 
throughout the six continents. Under climatic conditions 
ranging from tropic heat to intense cold, Texaco Asphalt 
has proved economical and remarkably durable. Long 
years of service are rarely interrupted by repair work. 
Changes_in temperature do not affect a Texaco Asphalt 
surface. Water cannot penetrate it. 

THE APPROVED PAVING MATERIAL 


For full details and quotations you are invited to 
communicate with : 



CALTEX INDIA Ltd. 


P. O Box No. 155, BOMBAY. 

P 0. Box No. 2382, CALCUTTA. 

P. O. Box No. 50, MADRAS. 

P. O Box No. 39, NEW DELHI. 


LOW MAISTE.VACE COSTS • 


ECONOMICAL : 


DURABLE ' 



